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Electrical  Equipment  of 
the  Motor  Car 

By  D.  P.  Moreton  and  D.  S.  Hatch 

THE  electrical  equipment  of  the  modem  motor  plays  šuch 
an  important  part  in  the  satisfactory  operation  of  the  car 
and  the  degree  of  comforjt  given  the  owner  that  it  requires 
a  great  deal  more  consideration  at  the  present  time  than  ever 
before.  Both  owner  and  repairman  are  eager  to  know  more 
about  the  operation  of  the  electrical  equipment  and  with  thi? 
requirement  in  mind  the  manuscript  for  the  "Electrical  Equip- 
ment of  the  Motor  Car"  was  prepared.  Special  attention  has 
been  given  to  a  thorough  and  practical  treatment  of  the  funda- 
mental  principles  of  electrical  engineering  as  applied  to  thtj 
electrical  equipment  found  on  the  modem  motor  car.  If  thesa 
fundamental  principles  are  well  understood  it  is  a  comparan 
tively  easy  task  to  trace  out  and  locate  all  cases  of  electrical 
trouble  in  a  very  definite  and  systematic  way. 

The  book  is  well  illustrated  and  numerous  special  diagramí 
háve  been  prepared  to  bring  home  more  forcefuUy  the  subjeci 
matter  under  discussion. 
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PREFACE 

This  volume  has  been  prepared  to  meet  the  demands  of  car 
■  owners  and  repairmen  who  wish  to  know  the  installations, 
operation  and  repair  of  all  of  the  various  ifi^ition,  starting  and 
lic^hting  systems.  The  authors  háve  assumed  that  the  readers 
háve  a  working  knowledge  of  the  fundamental  prínciples  of  the 
electrical  circuit  and  the  entire  book  is  devoted  to  a  discussion 
of  the  various  systems.  The  readers  wishing  a  thorough  treat- 
ment  of  the  fundamental  prínciples  of  electricity  and  their  ap- 
plications  to  the  motor  car  are  referred  to  the  Authors'  book 
entitled,  ''Electrical  Equipment  of  the  Motor  Car/'  published  by 
the  U.  P.  C.  Book  Company,  Inc. 

Chapter  I  is  devoted  to  a  generál  discussion  of  wiring  dia- 
grama and  the  proper  method  of  tracing  the  various  electrical 
circuits  as  shown  in  the  diagram.  A  thorough  understanding 
of  a  wiring  diagram  and  a  careful  analysis  of  a  čase  of  elec- 
trical trouble  will  in  the  majority  of  cases  enable  one  to  locate 
the  cause  of  the  trouble  quite  definitely. 

Chapter  II  is  devoted  to  the  electrical  equipment  on  the 
model  T  Foid  previous  to  the  installation  of  the  F.  A.  starting 
and  lighting  systém. 

Chapters  III  to  XVIII  ínclusive  are  devoted  to  special  start- 
ing, lighting  and  ignition  systems  for  the  Ford  car,  šuch  as 
Gray  and  Davis,  Westinghouse,  Heinze-Spríngfield,  Everready, 
Genemotor,  Disco,  Fisher,  Splitdorf,  Dyneto,  North  East,  Geno- 
Hte,  Hendricks,  Kemco,  Atwater  Kent,  Dixie,  Bosch,  Vibrator- 
Les,  and  Philbrín. 

Chapters  XIX  to  XXXVI  inclusive  are  devoted  to  a  complete 
analysis  of  the  following  starting,  lighting  and  ignition  systems. 
Auto-Lite,  Delco,  North  East,  Wagner,  Bijur,  Remy,  Simms- 
Huff,  Westinghouse,  Gray  and  Devis,  U.  S.  L.,  Leece-Neville, 
Bosch-Kushmore,  Dyneto,  Heinze,  Allis-Chalmers,  Disco  and 
Wanl  Leonard. 

Chapter  XXXVIII  is  devoted  to  "Maintenance  and  Repair  of 
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Electrical  Equipment  and  how  to  Diagnose  Electrical  Troubles." 
This  chapter  is  divided  into  four  parts  as  follows:  Part  I 
treats  of  the  generál  points  of  maintenance,  šuch  as  soldering 
and  taping  points,  čare  of  generators  and  motors,  čare  of  stor- 
age  batteries  and  adjustment  of  cutouts.  Part  II  treats  of 
the  testing  equipment  šuch  as  lamps,  ammeters,  voltmeters,  etc. 
Part  III  gives  a  generál  classification  of  electrical  troubles 
and  simple  practical  tests  f  or  locating  samé.  Part  IV  give> 
the  method  of  procedúre  in  testing  out  a  complete  electrical 
systém. 

Chapter  XXXVIII  is  devoted  to  a  complete  description  of 
the  F.  A.  starting  and  lighting  systém  f  or  the  Ford  car.  Par- 
ticular  attention  is  given  to  the  methods  of  testing  and  locat- 
ing faults  in  the  systém. 

Numerous  special  >\iring  diagrams  are  given  throughout 
the  book  which  háve  been  specially  prepared  so  as  to  illustrate 
the  actual  installation  of  the  electrical  equipment  in  a  clear 
and  simple  manner. 

A  number  of  special  electrical  specifícation  tables  háve  beon 
prepared  to  assist  the  readers  in  readily  determining  the  náture 
of  the  electrical  systém  used  on  any  car  together  with  the 
details  of  that  systém.  These  tables  will  enable  the  owner  or 
repairman  to  pick  out  the  correct  lámp,  fuse,  etc.,  for  each 
systém,  thus  eliminating  all  guess  work  or  improper 
substitutions. 
May,  1920. 

DÁVID  PENN  MORETON. 
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CHAPTER  I 

Reading  Wiring  Diagrams 

INDlVlUUAL  systems  of  starting,  lighting  and  ignition  for 
motor  cars  as  nianufaetured  by  tlie  various  eompanies  vary 
considerably  in  detail,  aud  the  componeut  parts  of  the  samé 
ty\^e  and  make  of  systém  are  often  of  diflfercnt  construction  when 
used  on  cars  of  diflferent  make,  but  in  principle  all  are  alike. 

Every  štandard  starting,  lighting  and  ignition  systém  mušt 
include  the  four  following  important  component  parts: 

1 — The  generátor. 

2 — The  storage  battery. 

3 — The  electric  motor. 

4 — A  means  of  producing  the  spark  in  the  engine  cylinders. 

The  function  of  these  ť(impont*nt  ])arts  are: 

The  generátor  is  eonnected  nicelianiťally  to  tlu*  engine  and 
when  its  armatúre  is  niade  to  rotate  by  the  ongine,  a  ]>art  of 
the  mechanical  energy  of  the  engine,  or  its  ability  to  do  work,  is 
transformed  into  elcctriral  encr^íy  and  the  electrical  energy 
which  Í8  delivered  by  the  generátor  niay  be  used  in  eliarging  the 
storage  battery,  in  ligliting  tlie  lamjis,  o]>eratiiig  an  eleetrie 
heater,  producing  the  spark  in  the  engine  cylind(»rs,  etc. 

The  storage  battery  serves  as  a  means  of  storing  energy  wliile 
it  is  available  from  the  generátor  and  then  delivering  it  at  sneh 
time  as  it  may  be  called  úpon  to  do  so.  Tliiis,  while  tlie  engine 
is  operating  the  generátor  and  tlie  generátor  is  ea]>al)le  of  <le- 
livering  electrical  energy,  this  energy  may  be  stored  in  the  bat- 
tery and  then  delivere<l  to  the  starting  motor,  lights,  ignition 
systém,  etc,  as  conditions  may  <ieniand. 

The  electric  motor  is  a  device  for  transforniing  electrical 
energy  into  mechanical  energy  wliich  may  l)e  used  in  cranking 
the  engine.  The  electrical  energy  siipi»lied  by  the  storai^e  bat- 
tery when  it  is  allowed  to  discharge  through  tlie  starting  motor 
circuit  thus  is  utilized  in  starting  the  engine. 
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The  ignition  device  transforms  eleetrieal  energy,  whieb  may 
be  supplied  hy  tbe  storage  battery,  dry  battery  or  magneto,  into 
beat  energy  in  tbe  spark  in  tbe  engine  cylinders  and  thus  pro- 
duee   tbe  explosion  of  tbe  gases  and  cause  tbe  engine  to  operate. 

In  addition  to  tbe  four  component  parts  given,  various  addi- 
tional  parts,  sueb  aa  wires,  switcbes,  conneetors,  ammeters,  volt- 
meters,  fusea,  cirenit-breakers,  automatie  current  and  voltage 
regulátore,  etc,  are  necessary  for  tbe  convenient  and  saíe  opera- 
tion  of  tbe  four  main  component  parts. 

Vfbmg  Diagrunt  and  Symbok 

All  manufacturers  of  eleetrieal  equipment  supply  wiring  dia- 
grame wbicb  sbow  tbe  proper  connectione  of  tbeir  apparatus. 
8ucb  wiring  diagrama  often  permit  a  circuit  to  be  traced  mucb 
more  easily  tban  is  posúble  if  tbe  actual  wires  on  tbé  car  bave  to 
be  followed  tbrougb.  Consequently  tbe  ability  to  read  a  wiring 
diagram  íb  essential  in  loeating  troubles  in  circuits. 

Certain  conventional  symbole  bave  come  to  be  used  almost  uni- 
versally  in  wiring  diagrame  to  represent  tbe  different  pieces  of 
apparatus  and  tbeir  eonnections.  These  are  sborthand  pictures 
of  tbe  tbing  represented.  Tbey  are  not  all  štandard,  but  some  of 
tbem,  sucb  as  tbe  symbols  for  tbe  ground  connection  and  tbe  bat- 
tery,  are  štandard.  Lampa,  for  instance,  may  be  represented  by 
a  eirele,  a  bulb,  or  tbe  complete  lámp  assembly. 

Tbe  more  usual  symbols  are  illustrated  on  tbe  facing  page. 

A  Typical  Installatioii 

Before  taking  up  tbe  individual  systems  we  will  také  up  an 
assumed  systém  wbicb  is  typical  of  all  tbe  common  installations 
on  modem  ears.  In  tbis,  illustrated  in  Figs.  1,  2  and  3,  tbe  side- 
ligbts  are  incorporated  witb  tbe  beadlights,  tbere  being  two 
bulbs  in  eacb  beadligbt,  one  low  candlepower  and  one  bigh 
candlepower.  Ligbts  and  bom  are  connected  tbrougb  a  main 
awiteb  on  tbe  cowL 

Some  means  of  eonnecting  and  disconnecting  tbe  generátor 
and  battery  is  provided  in  tbe  majority  of  eases  to  prevent  a 
disebarge  of  tbe  batteries  tbrougb  tbe  generátor  when  tbe  volt- 
age of  tbe  generátor  is  lower  tban  tbe  voltage  of  tbe  battery. 
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ConTCBtioiud  Wirnig  Symbob 


O 


Battcry,  dthtr  Monf c  or  črj  cdla. 
;  CoBUBumor  and  BmahciL 


Tht  propcr  mtthod  of  ■bowfaig  a  cott  which  mifoiuidi  aa  kos 
con  b«K  Tcry  MMom  OMd  ob  D«ico  Drawinfi. 


Tht  mtthod  OMd  in  ■howing  a  cott  whcro  thore  la  no  chasM 
of  coafnalim    Uaed  in  fidd  coila,  ifaitioa  coili^  ttc 

A  f\  n^    TIm  mtthod  naod  to  ahow  rtaiataiKt  iach  aa  a  rt^iataaca  oait 
\j  \j  and  chargiaf  rcaiataacta. 

po  «^  ^*    CoBtact  poiata  aneh  aa  ia  awitchta,  diatribotocik  ttc 
^      tftUMd  naod  to  ahow  li(htÍBff  awitchca. 

Q. 


Oreond  cooDtctioB  whtrt  tht  irira  ia  coBBtcitd  to  tht 


Molor  Commotator  and  bffvahta  with  braah  UMag  oirltch. 


) 


Primáry  aad  aécoadary  windiofa  of  aa  Icailloa  coiL 


A  rooad  dot  oa  a  drcolt  Aaccam  naaally  rcpnatata  a 
aal  f  or  coaatciiag  a  irirt  oi 
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'^^  Si  i    ii 
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This  dovicc  is  callod  a  cut-out  and  it  has  been  omitted  from  the 
diagrama,  í  or  the  sake  of  clearnosis. 

Tracing  Ae  Circuit 

The  ífenerator  in  this  caso  íh  connectcd  to  the  engine  shaft  by 
a  siUMit  chain,  aud  the  circuit  through  whiťh  the  generátor  sends 
thť  ťharíjinjí  current  for  the  storage  battery  may  be  traced  in 
Fiirs.  1,  2  or  3  as  follows:  Štart ing  with  the  groiind  connection 
Ol,  jou  foUow  along  the  wire  1,  through  the  generátor  along*  wire 
",  through  the  animctor,  along  wire  6  to  junction  point  7,  then 
along  wire  ^  to  the  battery,  through  the  battery  and  along  wire 
9  to  the  frame  of  the  car,  which  is  the  samé  as  the  ground  con- 
nection Gl,  from  which  you  started,  since  all  indicated  ground 
connections  are  in  reality  connections  to  the  frame,  and  in  šuch 
cases  the  electrical  circuit  is  completed  through  the  chassis. 

It  sometimes  is  difficult  to  determine  from  a  wiring  diagram 
or  from  the  wires  themsclves  on  a  car  just  which  of  two  or  more 
wires  at  a  junction  are  taking  the  current.  This  always  can  be 
ascertained  by  remembering  that  current  will  flow  only  where 
there  is  a  complete  circuit,  for  instance,  in  the  circuit  just  men- 
tioned  all  the  switches  are  open,  exccpt  the  connection  betwpen 
the  generátor  and  battery,  and  that  therefore  is  the  only  com- 
plete circuit.  Conscquontly  when  we  come  to  the  junction  of  the 
two  wires  at  the  animeter  we  know  that  no  current  is  going  up 
on  wire  4  to  terminál  26  on  the  cowl  switrh  bccause  this  switch 
is  open,  and  the  horn  button  and  the  cow^l  li^ht  switch  33  are  open 
so  that  there  is  no  connection  to  anv  circuits  out  of  the  switch. 
I-ikewise  when  we  como  to  junction  pt)int  7  we  know  that  all  the 
current  mušt  pass  down  throiitíh  wire  8,  and  none  through  wire 
12,  because  the  startiiig  switch  is  ojícn. 

The  ignition  in  this  čase  is  provided  by  a  high-tension  mag- 
neto  driven  from  the  engine  sliaft  by  gcars.  The  ignition  cir- 
cuit is  not  shown  in  detail  but  it  is  controlled  by  the  ignition 
switch  shown  in  the  upper  right-hand  corner. 

The  motor  circuit  may  be  traccíl  in  a  similar  manner  by  start- 
ing  with  the  groiin<l  connoctiíni  (í2.  Y(»ii  follow  along  the  wire 
10,  through  the  motor  alonj^  tlie  wire  11  to  the  štart  ing  switch, 
through  the  starting  swíttlí,  whfii  it  is  doscd,  along  the  wire  12 
to  the  junction  point  7,  aloni^  tlie  wire  S,  tlirougli  the  ]>attery, 
along  the  wire  9  to  the  frame  of  the  car,  which  is  the  samé  as 
the  ground  connection  G2,  fruni  which  you  started.     The  motor 
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switch  in  thi8  čase  ia  operated  by  pressing  on  a  pedál,  which 
also  causes  a  pinion  P  on  the  motor  shaft  connection  to  engage 
with  a  gear  on  the  flywheel  and  thus  establish  a  mechanical 
connection  between  the  motor  and  the  engine  shaft.  This  me- 
chanical connection  between  the  engine  and  the  motor  is  main- 
tained  and  the  electrical  circuit  through  the  motor  and  battery 
remains  closed  as  long  as  the  pedál  Í8  pressed  down. 

The  electrical  circuit  for  the  low-candlepower  headlights, 
when  they  are  operating  off  the  storage  batteries,  may  be  traced 
as  foUows:  Starting  with  the  f  ráme  of  the  car  or  grounded 
terminál  of  the  battery  you  pass  along  wire  9,  through  the  bat- 
tery  and  along  wire  8  to  junction  point  7,  then  along  wire  6 
through  the  ammeter  along  wire  4  to  terminál  26  of  the  cowl 
switch,  then  from  terminál  14,  when  the  switch  is  closed,  along 
wire  15  through  fuse  16,  along  wire  17  to  the  junction  point  18, 
where  the  circuit  divides,  part  of  the  current  passing  through 
bulbLl  to  ground  03  and  part  through  bulb  L2  to  ground  G4. 
The  ground  connections  03  and  04  are  the  samé  as  the  point 
from  which  you  started.  The  circuit  for  the  high-candlepower 
headlight  Í8  the  samé  as  that  for  low-candlepower  lights  up  to 
terminál  26,  then  with  switch  thrown  to  terminál  23  you  pass 
along  wire  22,  through  21,  along  wire  20  to  junction  point  19, 
where  circuit  divides,  part  of  current  going  through  bulb  L3 
to  ground  05  and  part  through  L4  to  grpund  06.  It  will  be  ob- 
served  that  this  last  circuit  was  traced  through  the  battery  in 
the  opposite  direction  to  that  of  the  generátor  and  motor  cir- 
cuits,  but  the  results  are  just  the  samé  ezcept  in  one  čase  you 
will  foUow  along  the  circuit  in  the  direction  of  the  current  and 
in  the  other  čase  in  the  opposite  direction.  In  each  čase  you 
mušt  return  to  the  point  from  which  you  started. 

The  circuit  for  the  cowl  light  is  the  samé  as  the  headlights  up 
to  switch  terminál  26,  then  along  wire  24  through  the  cowl  light 
switch  33  and  bulb  along  wire  25  to  the  ground  connection  07. 
The  circuit  for  the  horn  is  the  samé  as  that  for  the  headlights 
up  to  terminál  26  on  the  cowl  switch,  then  along  wire  27  through 
fuse  28,  along  wire  29  and  through  the  horn  along  wire  30 
through  the  bom  button  when  it  is  closed  to  the  ground  con- 
nection 08. 

The  circuit  for  the  tail  light  may  be  traced  as  foUows:  From 
the  f  ráme  of  the  car  along  wire  9  through  the  battery  along 
wire  8  to  the  junction  point  7  along  wire  6  through  the  ammeter 
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along  wire  4  to  terminál  26  to  terminál  13  when  Bwitcb  is  elosed 
through  wire  3  through  the  fuse  31  along  wire  32  through  the 
taillight  and  to  the  ground  connection  G9. 

Assuming  the  generátor  is  not  charging  the  battery  and  that 
all  lights  are  tumed  on  and  the  horn  button  íb  dosed,  determine 
the  current  in  the  different  wires.  Wires  9,  8  and  6  will  be  car- 
rying  the  total  current  supplied  by  the  battery.  The  current  in 
wire  12  will  be  zero,  since  the  motor  switch  is  open,  so  that  the 
current  through  the  ammeter  is  that  taken  by  the  large  and 
small  headlights,  horn,  taillight  and  cowl  light.  Wires  4,  3  and 
32  carry  the  current  for  the  taillight.  Wire  4  earries  the  cur- 
rent taken  by  the  horn,  headlight,  taillight  and  cowl  light. 
Wires  27,  29  and  30  carry  the  current  taken  by  the  horn.  Wires 
15  and  17  carry  the  current  taken  by  the  low-candlepower  head- 
lights.  Wires  20  and  22  carry  the  current  taken  by  the  high- 
candlepower  headlights.  If  the  motor  switch  is  elosed,  the  cur- 
rent in  wires  8  and  9  will  be  equal  to  the  current  supplied  by 
the  battery,  and  wires  10,  11  and  12  will  carry  the  motor  current. 

Assuming  the  motor  circuit  open  and  all  the  other  circuits 
clo6ed  and  the  generátor  delivering  current,  if  the  current  de- 
livered  by  the  generátor  is  just  equal  to  the  current  taken  by  the 
horn,  taillight,  cowl  light  and  headlights,  there  will  be  no  cur- 
rent in  the  ammeter.  If  the  current  delivered  by  the  generátor 
exceeds  in  value  the  current  taken  by  the  horn,  tail,  cowl  and 
headlights,  the  current  in  the  ammeter  will  be  toward  junction 
point  7,  and  the  ammeter  will  show  chargé.  Should  the  value 
of  the  generátor  current  exceed  that  of  the  combined  currents 
taken  by  the  horn,  taillight,  cowl  light  and  headlights,  a  charg- 
ing current  will  be  sent  along  wires  6,  8  and  9.  When  all  the 
lamps  and  horn  are  disconnected,  all  current  supplied  by  the 
generátor  passes  through  the  battery.  If  the  terminál  voltage 
of  the  generátor  is  lower  than  the  terminál  voltage  of  the  bat- 
tery, then  the  battery  will  supply  current  to  all  the  lamps  and 
horn  and  in  addition  send  a  current  through  the  generátor,  un- 
less  the  connection  between  the  generátor  and  battery  is  broken 
by  some  form  of  cut-out,  and  the  generátor  will  tend  to  operate 
as  a  motor.  When  the  battery  is  supplying  current  through  the 
lights  or  horn  the  ammeter  will  show  discharge. 

The  reader  mušt  bear  in  mind  always  that  every  electrical 
eircuit  is  just  like  a  circle.  It  has  neither  beginning  nor  end. 
It  is  absolutely  imperatíve  that  you  be  able  to  trace  the  various 
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electrioal  circuits  on  the  motor  car  to  clearly  understand  their 
operation  and  know  how  to  test  and  locatc  rcadily  the  various 
causes  of  trouble  which  are  likolv  to  ariso.  Ahvavs  bear  in 
mind  that  electricity  is  not  used  up  and.ju.st  as  niuch  returns 
to  the  generátor  or  l)attery  as  leavos  it.  It  is  the  energy,  or 
sbilíty  to  do  work,  possesscd  by  the  electricity  when  it  leaves 
the  generátor  or  battery  when  the  battcry  is  discharging  which 
is  used  in  the  electrical  circuit. 

Using  a  Wiríng  Diagram 

The  primáry  purpose  of  every  wiring  diagram  of  a  starting, 
lighting  or  ignition  systém  is  to  show  the  proper  electrical 
e<innecfion9  betwecn  the  various  devices  which  go  to  make  up 
the  complete  'systems.  These  wiring  diagrama  are  often  quite 
a  puzzle  to  the  inexperieuced  man,  and  also  to  the  man  who  has 
not  taken  time  to  give  these  the  neccssary  consideration  in  con- 
nection  with  the  installation,  maintenance  or  repair  of  tlie  dif- 
ferent  systems  which  h  e  has  worked  úpon. 

One  of  the  chief  reasons  why  a  wúring  diagram  is  of  no  reál 
asaistance  to  the  majority  of  raen  workiiig  on  the  electrical 
equipment  of  motor  cars  is  due  to  their  lack  of  a  clear  conception 
of  the  proper  operation  of  the  various  electrical  circuits  which 
go  to  make  up  the  complete  systems.  Another,  ainl  almost 
e<|ually  important  reason,  is  the  lack  of  sullicicnt  imagination 
to  foUow  along  the  various  electrical  circuits  just  as  though 
the  wires  and  diflferent  devices  were  suspendcd  in  space  and 
absolutely  independcnt  of  all  other  j>arts  of  the  car.  The  rcla- 
tions  of  the  component  parts  of  a  starting,  li;;htin^  and  itíiiilion 
systém  were  shown  in  Fig.  1.  The  various  electrical  circuits 
were  traee*l  in  detail  for  practically  all  conditions  of  operation 
of  the  different  combinations. 

The  aetual  loc^tions  of  the  difTerent  j)arts  of  a  starting,  light- 
ing and  ignition  systém  similar  to  tlie  one  ahown  in  Fig.  1 
as  they  would  appear  on  the  car  are  shown  in  Fig.  2,  which 
might  be  called  a  ghost  view  of  the  c]c<tri(al  eíjuipment  and 
circuits.  The  various  electrical  cir<uits  traced  in  Fig.  1  easily 
may  be  traced  in  Fig.  í2  by  using  exactly  the  saine  desírij)- 
tion  as  the  samé  lettering  has  been  UM-d  in  l)oth  cases. 
Šuch  a  diagram  should  be  of  great  value  to  the  repair  man  in 
tracing  the  aetual  electrical  circuits  on  the  car,  as  he,  by  rcf- 
erence  to  this  kind  of  a   diagram,  easily  can  identify  each  in- 
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(lividual  conductor,  the  circuit  to  which  it  belongs  and  the  eur- 
rent  it  Í8  supposed  to  carry  under  normál  conditions.  Diagrama 
of  this  kind  will  be  given  in  connection  with  the  leading  makes 
ef  systema  to  be  described  later. 

A  type  of  wiring  diagram  usually  supplied  by  the  manufac- 
^'irers  of  štart ing,  lighting  and  ignition  equipment  is  shown  in 
Fig.  3.  This  is  a  diagram  of  the  samé  systém  shown  in  Figs. 
1  and  2,  and  the  samé  lettering  has  been  used  in  designat- 
ing  the  different  parts^  wires  and  connections  as  was  used  in 
Figs.  1  and  2.  It  thus  is  seen  that  the  wiring  diagram  itself 
merely  gives  the  different  electrical  connections  without  refer- 
ence  to  the  relative  location  of  the  different  parts  and  devices 
forming  the  various  electrical  circuits. 

Analym  of  Trouble 

The  various  kinds  of  individual  troubles  which  may  occur  on 
any  particular  systém  are  so  numerous  that  it  would  be  im- 
possible  to  expect  the  reader  to  wade  through  a  detailed  descrip- 
tion  of  each  and  every  one.  A  description  of  the  more  im- 
portant  ones  and  those  that  are  most  likely  to  occur  will  be 
given,  and  with  these  as  a  basis  the  reader  may  go  on  and  study 
the  more  uncommon  cases  and  perhaps  more  complicated  cases. 

You  mušt  háve  in  mind  that  there  are  three  things  associated 
with  every  electrical  circuit,  namely,  the  resistance  of  the 
circuit  which  opposes  the  free  movement  of  the  electricity 
around  the  circuit,  the  electrical  pressure,  or  electricity  moving 
force  which  causes  the  electricity  to  move  through  the  circuit, 
and  the  electric  current  which  is  a  measure  of  the  rate  at  which 
the  electricity  is  moving  just  as  the  current  in  a  river  is  a 
measure  of  the  rate  at  which  the  water  is  moving  down  the 
river.  The  rate  at  which  the  electricity  moves,  or  the  current, 
in  amperes  is  equal  to  the  effective  electrical  pressure  in  volts 
acting  in  the  circuit  divided  by  the  resistance  of  the  circuit 
in  ohms.  Thus  if  a  lámp  circuit  has  a  resistance  of  2  ohms  and 
the  electrical  pressure  in  this  circuit  is  6  volts,  a  current  equal 
to  6  divided  by  2,  or  3  amperes,  will  be  produced  when  the  cir- 
cuit is  elosed.  The  effective  pressure  as  used  means  the  dif- 
ference  in  the  sum  of  the  pressure  acting  in  one  direction  around 
the  electrical  circuit  and  the  sum  of  the  pressures  acting  in 
the  opposite  direction.  Thus  if  a  generátor  having  a  terminál 
pressure  of  7.5  volts  is  <*harging  a  battery  whose  terminál  prea- 


12  AUTO^roTULE  ELECTRICAL  SYSTEMS 

súre  Í8  7  volts,  an  cffective  pressure  of  7.5  mínus  7  or  .5  volts 
will  be  acting  in  the  circuit. 

In  order  that  there  be  an  clectrical  current  in  any  circuit  an 
oflFective  pressure  mušt  be  acting  in  the  circuit  and  the  circuit 
mušt   be  closed.     So  in  any  eleetrical  circuit  in  which  there  Í8 
no    current    the    difficulty    is    due    to    there    being    no    eleetrical 
pressure  in  the  circuit  or  the  circuit  is  not  closed.    For  example, 
if  the  ammeter  indicates  zero  current  when  the  headlights  are 
turned    on,    see    Figs.    2    and    3,    you    immediately    know    the 
diíTi(Milty.     Either  there   is   no  eleetrical  pressure  or  the  circuit 
is  open.      If  at  the  samé  time  the  cowl  and  taillights  operate 
normally,  you  immediately  know  that  the   difficulty  is  not  due 
to    a  lack    of   eleetrical   pressure   but   to    an    opeu    circuit.      An 
inspection    of  the    diagrams    in    Figs.    2    and    3    will    show    that 
all  the  various  light  circuits  havo  certain  wires  and  connections 
in  common.    That  is,  starting  with  the  frame  of  the  car,  you  can 
pass   along   wire   9,   through    the    battery   along   wire   8    to    the 
junction  point  7,  along  wire  6  and  through  the  ammeter  along 
wire   4   to   terminál   26    on   the    cowl   s\ťitch,   where   the   circuit 
branches  to  the  horn,  the  cowl  light  and  the  tail  and  headlights 
through    the   cowl    switch.     If   the   cowl   and   taillights   operate, 
all  connections  and  wires  along  the  circuit  just  traced  are  O.  K. 
up  to  the  terminál  26  on  the  cowl  switch.     If  neither  the  low- 
nor  high-candle[)ower  bulbs  will  burn,  the  diflBculty  is  more  than 
likely  in  the  switch,  although  both  fuses  21  and  16  may  bé  burnt 
out.       The   fuses    may    be    tested    by    connecting   the    terminals 
with  a  pair  of  pliers  or  a  sliort  picco  of  wire,  thus  closing  the 
circuit  if  the  fuse  is  burnt  out.     The  connections  in  the  switch 
may    be   tested   by   connecting  terminals    26   with   terminals   23 
and  19  respectively. 

If  neither  of  these  tests  locate  the  difficulty,  the  circuit  is 
open  at  some  other  point  or  it  may  be  open  at  both  the  fuses 
and  switch,  in  which  čase  neither  of  the  tcsts  would  locate  tho 
troulde.  A  test  lámp  whoso  voltage  corrfS])onds  to  that  of 
the  headlights  may  be  us<'d  as  follows  in  locating  the  difficulty. 
Mount  the  lámp  in  a  sockct  provided  with  ílexible  terminals 
several  feet  long  and  connect  one  of  the  free  ends  of  the  flex- 
ible  wire  to  the  frame  of  the  car  and  the  other  to  terminál  26 
on  the  cowl  switch.  If  the  test  lámp  lights  it  is  O.  K.  and  the 
circuit  is,  of  course,  O.  K.  up  to  the  terminál  26,  as  the  cowl 
light   burncd.      Turn  the   cowl  switch   so   tho  high-candlepower 
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ligbt  should  bum  and  then  connect  the  free  terminál  of  the  test 
lámp  to  the  terminál  19,  and  if  the  test  lámp  bums  the  switch 
is  O.  K.  If  the  lámp  does  not  burn,  the  connection  in  the 
switch  is  at  fault.  If  the  switch  is  O.  K.,  procced  to  the  right- 
hand  terminál  of  fuse  21  and  again  test.  If  the  test  lámp  burns, 
wíre  22  is  O.  K.  Then  touch  the  left-hand  terminál  of  fuse  21, 
and  if  the  lámp  burns  the  fuse  is  O.  K.  Next  go  to  junction 
point  19,  if  it  is  possible  to  make  electrical  connoctions  there; 
if  not,  open  up  headlights  and  test  circuits  by  applying  end 
of  test  circuit  to  terminals  in  lámp  sockets.  Proceed  along 
the  circuit  in  this  manner  until  you  reach  a  point  on  the  circuit 
where  the  test  lámp  does  not  light.  The  circuit  is  open  between 
this  point  and  the  last  point  where  it  did  light.  This  samé 
Hne  of  reasoning  will  apply  to  evcry  electrical  circuit  on  the 
car,  and  difficulties  caused  by  opôn  circuits  easily  may  be  located 
by  foUowing  carefully  the  wiring  diagram. 

The  importance  of  the  wiring  diagram  in  locating  cases  of 
trouble  thus  is  readily  seen,  and  you  cannot  become  too  familiar 
with  these  diagrams  f  or  the  different  systems. 

If  the  systém  happcns  to  be  grounded  at  some  point  that  is 
not  supposed  to  be  grounded  you  can  test  for  šuch  a  grouud 
as  follows.  First  remove  all  grounds  from  the  systém  as  shown 
in  the  wiring  diagram.  This  may  be  done  by  disconnecting 
the  grounded  terminals  of  the  battery  and  the  grounded  ter- 
minál of  the  generátor  an<l  removing  all  lamps.  The  ground 
connection  for  the  horu  circuit  and  staŕting  motor  circuit  should 
not  interfere  with  any  test  on  these  two  circuits,  which  are  open 
at  the  horn  button  and  staŕting  switch  rcspectively.  Now 
connect  the  terminál  of  the  battery,  which  nornially  is  grounded 
to  the  frame  of  the  car  by  the  test  lámp  circuit.  If  the  wiring 
to  which  the  other  terminál  of  the  battery  is  connected  hap- 
pens  to  be  grounded,  the  lámp  will  light,  provided  the  resistance 
of  the  ground  connection  is  not  too  high.  The  different  light  cir- 
cuits then  may  be  testcd  by  disconnecting  them  in  turn  from  the 
battery  by  taking  out  the  fuses  or  looaening  the  wires  from  under 
the  screw  terminals  if  no  fuses  are  in  the  circuit. 


CHAPTER  n 

Stock  Ford  Ignition  and  Lighting  System 

THE  ignition  and  lighting  systém  used  on  the  Ford  car  as 
Standard  equipment  is  decidedly  different  from  any  other 
systém  now  in  use  and  it  is  deserving  of  a  thorough  descríption 
on  account  of  the  many  systems  in  service. 

Eleetrieal  energy  is  obtained  from  a  specially  constructed  mag- 
neto,  which  consists  of  sizteen  coils  of  flat  copper  ríbbon  wound 
around  sixteen  equally  spaced  iron  cores,  which  are  mounted  on 
a  special  structure  bolted  to  the  transmission  čase  directly  in 
front  of  the  flywheel.  Bixteen  small  permanent  horseshoe  mag- 
nets  are  mounted  on  the  front  face  of  the  flywheel,  and  just 
enough  clearance  is  allowed  between  the  pole-pieces  of  these  per- 
manent magnets  and  the  ircn  cores  about  which  the  copper  coils 
are  wound  to  prevent  them  from  striking  when  the  flywheel  is 
caused  to  rotate.  The  coils  and  their  mounting  are  shown  in 
Fig.  4.  The  sixteen  magnets  and  the  method  of  mounting  them 
are  shown  in  Fig.  5.  The  magnets  are  so  placed  relative  to  each 
other  that  adjacent  ends  are  of  the  samé  magnetic  polarity,  and 
these  two  ends  are  joined  magnetically,  so  as  to  form  a  singie 
magnetic  pole,  by  a  clamp  of  magnetic  materiál.  There  are  then 
sixteen  magnetic  poles  around  the  outer  edge  of  the  flywheel,  and 
these  poles  are  alternately  of  north  and  south  magnetic  polarity. 

When  the  magnete  is  assembled  and  the  magnetic  poles  are 
directly  opposite  the  iron  core  of  the  coils,  there  will  be  mag- 
netic Unes  of  force  across  the  gap  between  the  poles  and  the 
iron  cores,  and  the  direction  of  these  lines  of  magnetic  force 
will  be  from  the  north  magnetic  poles  across  the  gap,  through 
the  iron  core  under  the  north  poles,  through  the  structure  sup- 
porting  the  iron  cores  to  the  cores  under  the  south  poles  of  the 
magnets,  up  through  these  cores  across  the  air  gap  to  the  south 
magnetic  poles,  thence  through  the  magnets  to  the  north  mag* 
netic  poles,  which  *completes  the  magnetic  circuit  or  path  of  the 
lines  of  magnetic  force.     With  the  magnetic  poles  directly  qp- 
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poňte  the  iron  corea  of  tbe  coUb,  tbere  ía  a  maxlmnm  nnmbeT 
of  linea  of  magnetic  íorce  througb  the  coíIb,  since  the  magnetic 
circuit  tritb  the  various  parts  in  this  relation  to  each  otber  □Ser 
a  roinimuln  oppoaitioa  to  the  pToduction  of  lines  of  torce.  Tbe 
diiection  of  the  lines  of  force  througb  eight  of  the  colls  will  be 
from  the  uorth  magDetic  poles  on  the  permaneiit  magnetB  tbrough 
the  coila  toward  the  support  for  tbe  iron  eores,  and  tbe  direetíon 
of  the  Unes  of  Diagnetic  force  througb  the  remaining  eigbt  coila 
wUl  be  from  the  support  for  the  iron  cores  toward  the  Bouth 


Figi.   4  and  5 — Rlalionary  coiU   of  Ford  moflicfo   moiinírrf  on 

milal    CO/J    íupporí,    lefi,    and    pemanľnl    ftoríeufioc    mavnela 

muunled    oh    front    face  of   flyKlteel 

ma^rnetie  polfs  on  the  pcrmanent  magnets.  Now,  if  the  magnetíe 
palea  be  moved  ao  that  thcy  are  midway  between  tbe  iron  cores, 
tbere  will  be  a  minimum  number  of  magnetic  linea  througb  tbe 
coíIb  aa  this  position  of  the  magncts  and  the  iron  corea  offera  a 
maxímun)  oppoaition  to  the  production  of  linea  of  force.  If 
the  magnetic  poles  be  moved  fQrther  on  bo  that  thcy  are  again 
opposlte  tbe  iron  corea,  the  magnetic  lincs  througb  tbe  coils 
will  again  háve  a  maximum  vatue.     The  direction  of  the  mag- 
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íietic  lines  through  the  coils  in  this  last  position  will  be  in  jus* 
the  rcverse  direction  to  what  it  was  in  tlie  ťirst  position,  since 
the  north  magnetic  polcs  arc  now  opposite  iron  coros,  which 
originally  had  south  magnetic  poles  opposite  them,  and  soiith 
magnetic  poles  are  now  opposite  iron  cores  which  originally  had 
north  magnetic  poles  opposite  them. 

I  f  the  magnetic  poles  be  advanced  anothcr  sixteenth  of  a  rev- 
olution,  the  polarity  of  the  magnetic  polos  and  iron  cores  will  bo 
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ľifj.  i) — v  ária  t  if  m   in  nuitjnrtic  lincn  t  hrou  f jh  c«i7.s  f  or  diffrrent 
poHttions  of  maynctic  poUn  xcith  rcfirmcr  to  iron  cores  on  ichich 

voila  arc  icound 


the  samo  as  at  the  beginning.  Hence,  tho  magnetic  linea  through 
any  particular  coil  pass  from  a  maximum  value  in  one  direction 
through  the  coil  to  zero  value,  build  up  to  an  cqual  maximum 
valuo  in  the  opposite  direction  through  the  coil,  then  to  zero  value 
and  increase  to  a  maximum  value  in  the  samé  direction  as  it 
originally  had,  while  the  magnetic  polcs  arc  moving  from  a  poai- 
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tinii  dirťctly  ouposite  thc  iron  eores  through  an  ciglith  of  a  rev- 
oluti(»n.  The  variatif>ii  in  the  value  of  the  number  of  magnetic 
Hiu'S  tIirout;li  the  coils  f  or  difTereut  nositions  f  or  an  eighth  of  a 
n'volution  is  shown  in  Fig.  6.  Tlie  dištance  of  the  heavy  curve 
niarkfd  niajínctif  linos  above  or  beh)\v  the  horizontál  line  00  is 
a  rfiirrsentative  of  the  vabie  of  the  number  of  magnetic  lines 
throutxh  the  eoils  for  the  difforent  positions.  Thus  for  position 
marked  A  t)ie  mnjínetic  j»(»U's  are  op]»ositc  the  iron  cores  and  the 
valne  of  the  niagnetie  lines  is  a  maximum.  For  poaition  B  the 
m;i;;neti<'  poles  are  midway  between  the  iron  cores,  and  the  value 
<if  the  magnetic  lines  throiigh  the  coils  is  zero.  For  position  C 
the  magnetic  poles  are  again  opposite  the  iron  cores,  but  the 
pídarity  of  tlie  magnetic  poles  in  relation  to  the  iron  cores  is 
just  the  reverse  of  what  it  was  for  position  H,  and,  lience,  thc 
value  of  the  magnetic  lines  through  the  coils  will  háve  a  maxi- 
mum value  for  position  A.  The  magnetic  lines  through  the  coils 
are  zero  in  value  for  j)osition  D  and  again  reach  their  originál 
maximum  value  for  position   E. 

As  a  result  of  the  magnetic  lines  of  force  through  the  cores 
ehanging  in  value  an  electricíil  pressure  will  be  generated  in  the 
ílifTerent  coils,  and  the  .direetion  of  the  generated  pressure  in 
ndjacent  coils  will  be  in  the  opposite  direction  around  the  coils, 
sinee  the  magnetic  lines  ]iass  through  adjacent  coils  in  opposite 
directions.  The  coils,  however,  are  so  coniUM-ted  that  the  electrical 
I»ressures  all  act  in  the  sanie  direction  an<l  the  total  electri<'al 
pressure  between  the  terminals  of  the  magnetos  at  any  instant  is 
eijual  to  the  suni  of  the  electrical  pressur(»s  in  the  sixteen  coils. 
The  value  of  the  electrical  pressure  in  each  coil  at  any  instant 
will  depend  úpon  the  number  of  turns  in  the  coil  and  the  rapid- 
ity  with  which  the  magnetic  lines  through  the  coil  are  changing. 
An  ínspection  of  the  curve  in  Fig.  G,  which  shows  the  varia- 
tion  in  the  magnetic  lines  through  the  coils  for  diíTerent  j>()SÍtions, 
will  show  that  the  electrical  pressure  is  zero  when  the  magnetic 
lines  are  a  maximum  and  that  the  electrical  pressure  is  at  a 
maximum  when  the  magnetic  lines  through  the  coils  are  ecpial  to 
zero,  etc.  These  results  can  be  explained  as  follows:  Supposc 
we  také  a  small  part  of  a  revolution,  šuch  as  1/14  Ith,  as  shown  at 
F  in  the  figúre.  F(tr  this  sniall  part  of  a  revolution,  the  nir.giu'tic 
lines  increase  in  value  from  zero  to  (III.  For  the  next  1  '144th, 
oí  a  revolution  th«'y  increase  in  value  from  GII  to  TJ,  or  tho 
net  increase  is  KJ.    It  is  thus  scén  that  the  net  increase  in  mag- 
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netic  lines  Í8  growing  lesa  for  each  l/144th  of  a  revolution^  until 
the  magnetic  lines  through  the  coils  háve  reached  their  maximum 
value  when  the  net  increaBe  is  zero. 

As  the  magBetic  lines  through  the  coils  decrease  in  value,  the 
rapidity  with  which  thej  are  changing  in  number  increases 
until  the  lines  through  the  coils  are  equal  to  zero,  when  the 
rapidity  of  their  change  in  number  reaches  its  maximum  value 
and  then  starts  to  decrease  and  again  becomes  zero  when  the 
lines  through  the  coils  háve  reached  their  maximum  value.  As 
a  result  of  this  varying  rapidity  with  which  the  lines  through 
the  coils  are  changing,  a  varying  electrical  pressure  will  be 
produced  in  the  coils.  The  induced  electrical  pressure  may  be 
represented  by  a  curve  having  the  f orm  of  the  dotted  curve,  in 
Fig.  6.  The  electrical  pressure  produced  in  the  coils  while  the 
magnetic  lines  are  decreasing  in  value  in  one  direction  through 
the  coils  will  be  in  the  samé  direction  as  the  electrical  pressure 
produced  in  the  coils  while  the  magnetic  lines  are  increasing  in 
value  through  the  coils  in  the  opposite  direction. 

Šuch  a  pressure  as  the  one  shown  in  Fig.  6  is  called  an 
alternating  pressure,  because  it  is  first  in  one  direction  and  then 
in  the  other.  All  values  of  electrical  pressure,  represented 
above  the  horizontál  Hne  00,  are  considered  positive  and  all 
values  below  the  line  are  considered  negatíve.  A  complete  sys- 
tém of  positive  or  negatíve  values  is  called  an  alternation,  and 
the  complete  alternation  constitutes  what  is  called  a  cycie.  In 
the  Ford  magnete  there  are  sixteen  alternations  per  revolution 
and  eight  cycles  per  revolution.  If  this  alternating  pressure  is 
connected  in  a  closed  electrical  circuit,  it  will  produce  an  alter- 
nating current  in  the  circuit  and  the  current  will  complete  the 
samé  number  of  cycles  in  a  given  time  as  the  electrial  pressure 
completes.  The  number  of  cycles  the  electrical  pressure  and 
current  complete  in  a  second  is  called  the  frequency  of  the  pres- 
sure and  current.  The  frequency  of  the  electrical  pressure  de- 
veloped  by  the  Ford  magneto  will  be  equal  to  eight  times  the 
number  of  revolutions  of  the  flywheel  in  a  second. 

Magneto  Terminál  Connectkms 

One  terminál  of  the  circuit  formed  by  connecting  all  the  six- 
teen coils  in  serieš  is  grounded  permanently  by  connecting  it  to 
the  metal  support  for  the  iron  cores,  which  in  tum  is  bolted  to 
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tho  tranamiaeioii  raae.     Tbe  remaining  terminál  ís  connceted   to 
an  iuBiilatcd   biudiog  post   mounted  on  top   ot   tho   transmission 


Fiff.  s — ľrrgpci-iir, 


casF.    The  terminals  of  the  maKnclo,  then,  are  the  inaulated  bind- 
ing  poNt  anil  the  ground  conncction. 

^nition  Syitem 

Thŕ  ignitioD  for  Ihe  Ford  tur  in  taken  rare  of  bv  a  fouT-onit 
indurtion  eoil  mounted  on  the  ilaah  and  so  arranged  that  enerxy 
niajr   lie   gupplUd   to   its   priaiarj'   winding   from   cither   of   two 
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loDrrea,  depending  npon 

I  thf  position  of  the  igni- 

tion    swiť^b.     The    oni; 


I  of  ele 


a1 


Fig.  9 — Inleríur  n/  Ford  II 


P 


eoergy   provídea  by   the 
'UT       manufacturers  of  the  car 
is  the  magneto,  but  a  bať 
yj_      tery    connection   íh    pto- 
Wi       videii  in  the  coil  boT  and 
jQ^     may  be  used  merely  by 
groundiag   ona   terminál 
of  the  battery  and  con- 
necting   the  other  term- 
■*  inal  to  the  bindiog  post 

on  the  coll  boi. 

JpffiiL    (  — iJ— j.  ^   ""'"»   diagram   of 

^'"^^  '  the  lighting  and  ignítíon 

^^^,^  ByHtem  sapplied  &b  stand- 

-Ví^  nrd     equipment    on    the 

Ford  car  ia  shown  in  Fig. 
T,  and  the  relative  loca- 
tiOD   of  all  the  different 
parta,  together  with  their 
variouB  electrical  cod nec- 
ti odb,  ia  a  ho  WD  in  Fig.  8. 
The    four   primáry   igni- 
,«<to«    of    .prcifli    dim-      *'""    '''"^""^    may    b  e 
la  »ptriat  ticltch  on  tlfci-      traced  aa  follons:   Štart* 
ing  poit  ing    with    the    magneto 

contact,    aloDg    the    in- 
<  the  magneto  terminál  on  tbo  coil  box,  t  hen  to  the 
ct  on  the  swíteb  on  the  front  of  the  coil  box,  and 
loBed  on  tha  magneto,  all  the  primáry  windinga 
.gneta  contact  but  the  circuitB  through  theae 
3  and  in  a  deGnite  order  by 


Bolaled  wire  to  ť 

magneto  contact 

when  t  hla  Bwitch 

are  connected  to  the 

varions  windísgs  are  cIobciI 

the  comrnotatar,  or  timer,  nhich  grounda  the  different  wires  as  the 

roDer  Mntaet  in  the  timer  makes  contact  with  the  terminala  to 

trhieh  the  different  wirea  are  counected.     The  interior  conatruc- 

tion  of  the  timer  is  ahown  in  Fig.  9.     When  a  battery  has  one 
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terminál  grounded  and  the  other  terminál  connected  to  the  bat- 
ery  terminál  on  the  coil  box  and  the  switch  on  the  front  of  the 
coil  Í8  thrown  in  the  position  marked  battery,  the  battery  replaces 
the  magneto  as  a  source  of  electrical  energy  and  ali  zhe  other 
operations   remain   the   samé. 

A  vibrátor  is  connected  in  serieš  with  each  of  the  primáry 
windings,  and  when  any  one  of  the  primáry  wires  leaáÄifg:  to  the 
timer  is  grounded  the  vibrátor  in  that  particular  primáry  cir- 
cuit  will  vibrate  as  long  as  the  eircuit  is  closed,  which  will  cause 
a  high  voltage  to  be  induced  in  the  secondary  windings  sur- 
rounding  the  primáry  winding  of  the  induction  eoil.  One  ter- 
minál of  each  of  the  four  secondary  windings  is  grounded,  and 
the  remaining  four  terminals  are  connected  to  the  four  spark 
plugs  by  suitable  lengths  of  high-tension  wire,  as  shown  in  Figs. 
7  and  8.  The  primáry  wires  leading  from  the  induction  coil 
to  the  timer  are  marked  with  colored  threads  as  shown  in  Figs. 
7  and  8. 

Lightmg  Circuit 

The  lighting  eircuit  for  the  headlights  may  be  traoed  as  fol- 
lows:  From  the  magneto  contact  to  the  magneto  *  terminál  on 
the  coil  box,  then  to  the  lámp  switch  on  the  dash,  through  the 
switch  when  it  is  closed,  then  to  the  right-hand  headlight  and 
through  the  bulb,  then  to  the  left-hand  headlight  and  through  the 
bulby  then  to  ground  and  through  the  winding  of  the  magneto 
to  the  magneto  contact  which  completes  the  eircuit.  The  two 
headlight  bulbs  are  in  serieš  and  if  they  are  alikci  approxi- 
mately  half  of  the  electrical  presaure  generated  in  the  winding 
of  the  magneto  will  act  on  each  of  the  lamps,  the  remainder 
being  used  in  overcoming  the  resistance  of  the  winding  of  the 
magneto,  the  resistance  of  the  connccting  wires,  ground  connec- 
tions,  switch  contact  resistance,  ctc. 

Hom  Circuit 

The  horn  eircuit  may  be  traced  from  the  magneto  contact  to 
the  magneto  terminál  on  the  coil  box,  then  to  the  horn,  through 
the  hom  to  the  horn  button  mounted  on  the  steering  post,  through 
the  hom  button  when  it  is  closed  to  ground,  through  the  winding 
of  the  magneto  to  the  magneto  contact  which  completes  tho 
eirenn. 
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Combination  Swítch  and  Dimmers 

The  Ford  company  is  cquipping  its  cars  now  with  a  combina- 
tion horn  and  light  switch,  which  is  mounted  on  the  steering 
column  and  has  vcry  múch  the  samé  generál  appearance  as  the 
horn  button  except  the  switch  is  longer  to  provide  the  neces- 
sary  space  for  the  various  additional  contacts  and  terminals.  In 
addition  to  the  combination  horn  and  light  switch,  the  Ford 
oompany  is  providing  a  means  of  dimming  of  the  headlights. 
The  dimmer  consists  of  a  eoil  of  wire  wound  about  a  laminated 
iron  core  and  so  arranged  that  it  may  be  connected  in  serieš 
with  the  headlights  by  a  special  switch  on  the  steering  post. 

The  special  switch  is  so  constructed  that  a  small  pressure  on 
its  rounded  top  closes  the  horn  circuit  and  a  small  rotation  from 
its  normál  position  connects  the  lamps  to  the  magneto  with  the 
dimmer  coil  in  circuit  and  a  furthcr  slight  rotation  connects  the 
lamps  directly  to  the  magneto.  The  electrical  connections  of 
this  special  switch  are  shown  diagram  mat  ically  in  Fig.  10. 
Pressing  the  switch  connects  wires  A  and  B,  rotating  the  switch 
to  the  second  position  connects  wires  A  and  D  and  rotating  it  to 
the  third  position  connects  wires  A  and  C.  The  light  circuit 
is  entircly  open  with  the  switch  in  the  first  position.  When 
the  switch  is  in  the  second  position  and  the  wires  A  and  D  are 
connected,  the  winding  on  the  dimmer  is  connected  in  serieš 
with  the  lamps.  The  action  of  this  coil  is  dependent  úpon  a 
combination  of*  the  resistance  of  the  coil  and  a  property  of  the 
coil  called  its  inductance.  The  effcct  of  the  inductance  of  the 
coil  depends  úpon  the  frequency  of  the  current  in  its  windings, 
and  this  effect  incrcascs  with  an  increase  in  frequency  and  de- 
creascs   with    the    decrcase   in    frequency. 

If  the  engine  speeds  up  there  is  an  increase  in  the  frequency  of 
the  generated  electrical  pressure,  and  also  an  increase  in  the 
valuc  of  the  electrical  pressure,  but  the  increase  in  electrical  pres- 
sure is  oflfset  to  a  certain  extent  by  tbc  increase  in  the  cflFect  of 
the  inductance  due  to  the  increase  in  frequency  and  the  current 
through  the  lanip  will  reniain  nearer  constant  in  value  than  it 
would  if  a  resistance  alone  were  used. 

Ignition  Troiible 

The  nncven  spntter  and  bang  of  the  exhaust  means  that  ono 
or  more  cylinders  are  explodiiif;  irn'jxularly  or  not  at  all  and  that 
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thc  trouble  should  be  treated  promptly  and  overcome.  Miafiring, 
if  allowed  to  continue,  will  in  tíme  injure  the  engine  and  the 
entire  mechanism.  If  you  would  be  known  as  a  good  driver, 
you  will  be  satisfied  only  with  a  soft  steady  purr  from  the  ex- 
hausty  and  if  anything  goes  wrong,  stop  and  fiz  it  if  possible 
rather  than  wait  until  you  get  horne. 

A  missing  cylinder  can  be  detected  by  manipulating  the  vibrá- 
tor on  the  spark  coils.  Open  the  throttle  until  the  engine  is 
running  at  a  good  speed  and  then  hold  down  the  two  outside 
vibrators,  Nos.  1  and  4,  with  the  fingers,  so  they  cannot  buzz. 
This  cuts  out  the  two  corresponding  cylinder  s,  No.  1  and  4,  leav- 
ing  only  Nos.  2  and  3  running.  If  the  two  cylinders,  Nos.  2  and  3 
cxplode  regularly,  it  is  obvious  that  the  trouble  is  in  either  cylin- 
der No.  1  or  No.  4,  or  both.  Now  relieve  No.  4  vibrátor  and  hold 
down  No.  2  vibrátor  and  No.  3  vibrátor  and  also  No.  1  vibrátor. 
If  No.  4  cylinder  explodes  evenly,  it  is  evident  the  trouble  is 
in  some  othcr  cylinder.  In  this  mannor  all  thc  cylindors  in  tum 
may  be  tested  until  the  trouble  is  located.  Examine  the  spark 
plug  and  vibrátor  of  the  cylinder  in  trouble. 

The  gap  in  the  spark  plug  should  be  approximately  ^  inch 
in  length  and  the  plug  should  be  free  from  an  undue  accumula- 
tion  of  grease  and  carbon.  If  the  points  in  the  vibrátor  are 
pittedy  they  should  be  filed  ílat  with  a  íine  double-faced  filé  and 
the  adjusting  thumb  nut  turned  down  so  that  with  the  spring 
held  down,  the  gap  between  the  points  will  be  a  trifie  less  than 
3^2  inch.  Then  set  the  lock  nut  so  that  the  adjustment  cannot  be 
disturbed.  Do  not  bend  or  hammer  the  vibratorS|  as  this  would 
effect  the  operation  of  the  cushion  spring  on  the  vibrátor  brídge 
and  reduce  the  oflSciency  of  the  unit. 

If  with  the  vibrátor  properly  adjusted  and  the  plug  cleaned 
and  adjustcd  the  cylinder  still  fails  to  operate^  then  examine 
the  wiring  and  connections  carefully  for  loose  connections  and 
open  circuits.  The  coM  itself  may  be  tested  by  changing  it  and 
some  other  coil  which  is  operating  correctly.  If  the  cylinder 
still  fails  to  operate  properly  after  making  the  above  tests, 
the  trouble  is  probably  due  to  an  improperly  seated  valve,  worn 
timer  or  short-circuit  in  the  timer  wiring.  The  valves  in  each 
cylinder  may  be  tested  by  lifting  the  starting  crank  slowly  the 
length  of  each  cylinder  in  tum,  a  strong  or  weak  compression 
in  any  particular  cylinder  easily  being  detected.  It  sometimes 
happens   that  the  packing  between  the  cylinder  head  and  the 
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cylinder  becomes  leaky,  thus  permitting  the  gas  under  compres- 
sion  to  escape,  a  condition  that  can  be  detected  hy  running  a  lit^ 
tie  lubricating  oil  around  the  edge  of  the  packing  and  noticing 
whether  bnbbles  appear  or  not. 

The  surface  of  the  circle  in  the  timer  around  which  the  roller 
travels  should  be  elean  and  smooth,  so  that  the  roller  makes  a 
perfect  contact  at  all  points.  Bhould  the  roller  fail  to  make  a 
good  contact  on  any  one  of  the  four  contact  points,  its  correc- 
ponding  cylinder  will  not  fire.  The  surfaces  should  be  cleaned 
with  gasoline.  In  čase  the  fiber,  contact  points  and  roller  of  the 
timer  are  badly  worn  the  most  satisfactory  remedy  is  to  replace 
them  with  new  parts.  The  spring  in  the  timer  should  be  strong 
enough  to  make  a  firm  contact  between  the  roller  and  the  four 
contact  points,  as  the  roller  is  made  to  rotate  by  the  gearing  con- 
necting  it  to  the  engine.  Garefully  inspect  the  four  wires  lead- 
ing  from  the  primáry  terminals  of  the  coil  box  to  the  four  binď 
ing  posts  on  the  timer  to  see  that  they  are  not  shorted  or  broken 
and  that  the  ends  at  the  timer  are  not  in  contact  with  the  čase, 
thus  causing  a  more  or  less  perfect  ground  connection. 

OQ  Troubles 

In  very  cold  weather  the  very  best  grades  of  oil  are  likely  to 
congeal  to  some  extent,  and  if  this  happens  the  roller  may  be  pre- 
vented  from  making  perfect  contact  with  the  contact  points  em- 
bedded  in  the  fiber.  To  overcome  the  possibilities  of  an  occur- 
renee  of  this  kind  and  also  to  prevent  the  contact  points  from 
msting,  a  mixture  of  25  per  cent  kerosene  with  the  commutator 
lubricating  oil  is  recommended,  which  will  thin  it  sufBciently  to 
prevent  congealing  or  f  reezing,  as  it  is  commonly  called. 


CHAPTERin 

Special  Systems  for  Ford — 
Gray  &  Davis 

OUITE  a  few  of  the  leading  manufacturers  of  starting  and 
lighting  equipmeat  for  the  larger  oar  also  make  a  special 
line  of  equipment  whieh  casily  may  be  installed  on  the  Ford  car. 
Tbese  various  special  systems  are,  as  a  whole,  simple  and  compact, 
and  everything  necessary  to  install  them  properly  on  the  car  is 
provided  by  the  manufacturers  of  the  equipment,  and  all  that  is 
necessary  is  a  very  limited  knowledge  of  the  car  and  the  few 
necessary  tools  supplied  as  a  part  of  the  car  equipment.  The 
sclection  of  an  elcctrical  systém,  especially  when  it  is  to  be  in- 
stalled  by  the  car  owner  or  the  local  garage  man  whose  knowl- 
edge of  electrical  systems  is,  as  a  rule,  quite  limited,  is  in  a  great 
measurc  influenced  by  the  ease  with  wliich  the  systém  may  be  in- 
stalled.  In  practically  every  čase  this  necessitates  the  removal 
of  the  radiátor,  the  radiátor  brace  rod,  hose  connections  to  the 
radiátor,  ventilating  fan,  fan  belt  and  fan  pulleys,  cylinder  bead 
and,  in  some  casos,  the  timing  gears.  In  removing  the  timing 
gears  it  is,  of  course,  necessary  to  remove  the  timer,  but  beforo 
duing  any  dismantling  both  the  carburctor  and  timor  should  be 
adjusted  for  efficient  running,  and  should  the  engine  be  turned 
over  while  the  timing  gears  are  off,  the  timing  mušt  be  readjusted 
when  the  engine  is  boing  assembled.  The  removal  of  all  these 
parts  and  the  adjustmeiits  mentioned  are  deseribed  fully  in  the 
Ford  manuál  or  instruction  book,  and  also  on  account  of  the 
garage  men  being  so  familiar  with  the  construction  of  the  Ford 
car  it  is  not  dccmed  necessary  to  repeat  those  instructions. 

A  vvTV  important  procaution  which  should  be  observed  beforo 
starting  to  tear  down  the  car  is  to  check  over  the  list  of  parts 
sen  t  with  the  outfit  and  those  actually  reccived.  The  reason  for 
this  precaution  is  obvious,  as  occasioually  quite  an  essential  part 
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maj  hsve  been  omitted,  and  if  this  is  not  diacovered  until  the 
procesi  oí  installing  tbe  equipmcat  has  bccn  complpted  partialt; 
Ihe  Work  inuat  be  done  all  over  agam  or  the  car  allowed  to  stand 
untU  tbe  rniBsing  part  or  parts  arc  obtainoU. 

Gray  &  Davu  for  Ford 

The  two  Gray  S:  Davis  BjefrniB  fnr  the  Ford  car  are  of  the  two- 
Ľnit,  6-volt  single-wire  typea.  The  generátor  of  onc  systém  haa 
eleetroDiagnetic  regulation  and  the  generátor  in  the  other  syatcm 
haa  third-bruah  regulation. 

The  order  of  propedure  to  be  followed  in  tearing  down  and  pre- 
paring  the  engine  ia  shown  in  Figa.  11   nnd   12.     Drain  tbc  radi- 


mtor  by  opening  the  drain  eoek  sbnw-n  at  I  in  Fig.  11,  Remi 
the  headlighta  and  headlight  sujipurts  shonn  al  :>  in  Fíg. 
Looaen  upper  hosc  clamp  on  loner  n-ater  eonneťtion,  sbown  a 
in  Fíg.  U.  Loosen  the  lower  hose  elanip  on  top  the  náter  c 
neetion,  ahown  at  5  in  Fig.  11.  Reniove  the  two  radiátor  rela 
ing  outs  abown  at  6  in  Fig,  11.  Reniuve  Ihe  radiátor  daah  tie  ) 
sbown  at  7  in  FÍr.  11.  The  radiátor  ia  now  free  and  can 
removed.  Next  removc  fnn  hrackd  and  fan  aa  shonn  at  I  in  f 
12.     Crank  tbc  engínc  until  tlie  pin  in  fan  puiley  ia  straight 
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and  dowD,  2  in  Fig.  12.  Dríve  out  the  pin  in  tfae  jaw  eloteb, 
íhona  at  3  in  Pig.  12.  Bemove  tbe  itartiug  crank,  4,  and  fan 
b«1t  5,  B«move  tbe  cotter  pin  and  pin  from  íaa  pulley  and  then 
remove  the  pulley,  6,  in  Pig.  12.  Bemove  the  íeconcj,  Ihírd, 
fourth  and  fiftb  bolts  Írom  the  craDkcase  flange,  shown  by  7  in 
Fig.  12.  Bemove  tbe  front  bolt  S  from  the  side  water  connec- 
tion.  Bemove  the  left-hand  bolt  B  from  the  top  water  connection. 
Bemove  the  second  cylinder  head  bolt  10. 

Plače  the  silent  chain  at  the  rear  of  the  engine  snpport  and 
around  the  engine  crankehaít,  as  Ehown  at  1  in  Fig.  13.  Ptace 
the  Ford  itarting  erank  jaw  clntch  inride  of  the  crankshaft  on 
the  crankshaft  ai  sbowa  at  3  in  Fig.  13.  SUp  the  new  fan  belt 
in  plače.     Faaten   the   sprocket  to  the  cranksbaft   with   the   pin 


Fig.    12^Fora   engine  In   procfti  Fíg.      13 — IiutalUmu      cranktkafl 

0/  preparalloH  for  namilliiir  Omw  eproctel,  Mrnt  chain  and  fan  betl 

J  Darlt  tvtlem  Im  mo¥atliig  Orar  *  Darit 

jTovided  for  tbat  parpose,  a»  ahown  at  S  in  Fig.  13.  Replacť 
the  itarting  crank  6  and  faaten  tbe  jaw  clutch  to  the  end  of  tbe 
Blarting  crank  with  the  pin  T,  aa  ahown  in  Fig.  13. 

The  generátor  and  Btnrting  motor  units  arc  shown  attacfaed 
to  tbeir  nounting  brscket  in  Fig.  14  and  before  attempting  to 
install  tbe  combination  on  the  engine  the  foUowing  inapectíon 
Bbould  be  made  carefully.  See  that  the  motor  terminál  markeil 
I  is  free  from  contact  with  any  otber  metal  and  that  the  gen- 
erátor terminál  marked  2  ia  aot  damaged  and  i«  inmlated  prop- 
erly.  Bee  that  the  various  rotating  parta  marked  3  in  the  figúre 
tum  freely.    Carefally  elean  off  any  dirt  or  dnat  from  around  tbe 
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cil  cDps  marked  4  and  plače  a  small  qaantity  of  oil  to  each  of 
them.  Belease  tbe  top  adjusting  serew,  markei]  5,  a  small  amount. 
LooBCn  tbe  two  lower  clamp  auta  marked  6,  and  bIbo  tbe  two 
npper  clamp  nota  at  the  rear,  marked  7.  Sligbtlj'  looBcn  the  one 
middle  clamp  loek  nut,  marked  8. 

Tbe  adjastment  Íd  tbe  chaia  U  taken  čare  of  by  moving  the 
generátor  and  startiog  motor  up  and  down  on  their  mounting 
bracket  nntí]  tbere  is  tbe  proper  tension  in  the  chain  and  then 
elamping  the  two  uníte  secnrely  in  plaee.  InaBmncti  as  the  chain 
will  etretch  in  service  and  thia  nill  necessitate  tbe  generátor  and 
motor  being  moved  up  on  the  bracket  to  také  up  the  slack,  U  ia 
csaential  that  tbej  be  plaeed  in  the  loweat  poBsible  position  on  the 
bracket  before  being  attached  to  the  car. 

Plače  three  apacera  %  inch  long  over  the  firat,  aecond  and  third 
holes  in  the  erankcase  flange,  as  abown  at  1  in  Fíg.  15,  and  then 


na.  14 — Oentrator  and  itart- 

■■«    motor    oľachcil    to     tlie         Fig.  15 — Qray  í  DaHs  itarUng  onil 
momKttug  bracket  UghttHg  unK*  mounied  nn  Ford 

f  lace  the  mounting  bracket  2  in  poaition.  Pass  the  %  b^  2<.4 
ineh  bolta  tfarougb  the  holea  in  the  lower  end  of  the  mounting 
bracket  bnt  do  not  put  on  the  uuta.  TUt  the  mounting  bracket 
forward  and  alide  the  driving  chaín  12  into  poaition  on  spiocketa. 
Atlacb  the  bracket  with  a  cylinder  bead  bolt  as  shown  at  5  in  the 
fignre  but  do  not  tighten  the  nut.  Plače  tbe  ti  inch  apatľer  be- 
tween  the  mounting  bracket  and  top  water  conncction  and  bolt 
looaely  in  place  witb  a  i%  by  2%  inch  bott  as  ahonn  at  6.  Plače 
a  ti  inch  Bpacer  between  the  bracket  and  the  side  water  counection 
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and  boh  it  loosely  ia  placc  with  a  ,',  l>y  C'A  incli  l>ott,  ae  shown 
at  7.  ľlace  '^-inch  agiariT  umler  thc  hrat-kct  so  Ihat  thc  chain 
nill  bo  tight  whcD  thc  unita  arc  io  thoir  lowťst  iiofllliun  or  tlio 
mouDling  brackct,  as  shown  at  S.  Shim  up  thn  spare  betwecn 
tho  brai^kct  and  cyliaclcr  bcail  with  waHbers  as  Btiown  at  D  in 
up]ipr  right-hand  part  of  Fig.  13.  Faaten  thc  thrce  lowcr  brackct 
bolts  with  lockwashiTB  and  nuls  and  £iml1y  tlie  watiT  conncction 
b(dt3  6  and  7  and  cylinder  hend  bolt  5.  í'aslcn  thc  brackct  stay- 
bolt   11.     AdjuBt  tbc   chain   12   tu   a   mti.U-ratc   tenaiun  and   lock 


Fig.  IB—lHríallliif  Qrav  S  Darit  Kiriiig  and  líohtifie  twiteh 

the  nnita  in  plaro  by  tightoning  all  brar-kct  clamp  auta,  13.    Then 
eraiih  the  engine  and  acc  that  it  does  not  bind, 

Attaeh  thc  aplit  pulley  to  thc  faa  faab  and  fastcn  it  In  pUeo 
n-ith  thc  fuur  MTcwH  nn  showu  at  1  and  2  in  Fig.  16.  Stip  tho 
I..H  in  placc  and  alta.h  the  fau,  os  shown  nt  X  Rcplacc  the 
radiatora  4,  replace  Iht-  rndiator  tie  rod  5,  replacc  tbc  hoae  conncc- 
linns  6  an.l  bolt  thc  railiator  in  plače  liy  thc  bolts  at  7.  Attach 
tbc  lighling  awiti'h  tf  to  thc  conl  board  nitb  sotnc  í^-iiich  scrcws. 
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Cot  comer  off  of  the  toc  board  and  attach  ihe  green  llghting  eabla 
clipa  to  the  dash  nith  ^-inch  wood  Bcrewa,  aa  Bhonn  at  9  in  Fig, 
16.  Faaten  the  three  vire  cltpa  to  tha  left-hand  side  of  tha 
frame  as  ahovn  at  10.  Fasteu  the  green  wire  te  dynamo  terminál 
as  at  11.  If  the  generátor  has  electromagnetic  tegulation  the 
^rren  wire  is  attached  to  the  terminál  on  the  regulátor  monnted 
on  top  of  tbe  motor.  Then  ŕonnect  the  ahort  black  and  red  wire 
to  the  Itft-hand  headlight,  aa  ahown  at  12.  Paaa  the  long  black 
and  red  wírc  through  tbc  radiátor  tnbe  13  to  the  right-hand  bead- 
ligbt.  Qround  tho  short  wire  from  each  headlight  to  the  car  fraoie 
as  ahowD  at  14.  Connect  the  atarting  cable  IS  to  tbe  terminál 
oa  the  atarting  motor.  Thta  cable  ia  marked  by  a  copper  terminál 
st  each  end.  Befill  the  radiátor  and  watch  carefully  for  leaks  in 
the  circulation   systém.     In  connecting  the  black  and  red   wirea 


to  Ihe  tenninals  of  tbe  lamp  connection  ^on  ahonld  foltov  the  dia- 
gram given  in  the  upper  right-hand  corncr  of  Fig.  16. 

Tho  location  of  the  iitarting  switch  and  the  method  of  ínstalling 
it  are  Bhown  in  Fig.  17.  Také  the  plate  1  off  the  starting  switch 
and  use  it  to  mark  the  holea  in  the  beet  board,  2  inchea  in  front  of 
tbe  rear  edge  of  the  hecl  board  aud  9  inches  from  the  silI,  as  showa 
in  tbe  illnstration.    Drill  tbree  holea  for  tbe  startiug  switch  in  th^ 
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Iieel  bosrd  and  attach  the  Bwiteh  witb  oue  bolt  at  Ihe  side  towaril 
tbe  center  of  the  car  aa  shown  at  3.  Then  attach  the  otber  Bwitcta 
bolt,  with  tbe  cable  supporting:  elatnp  holding  the  two  wíres,  and 
aecure  the  apriag  and  knob  with  ita  pin. 

At  a  point  on  tbc  dash  2  inches  to  tbe  rigfat  of  the  eoil  bol  and 
6  iacbea  above  the  edge  of  the  toe  board,  drill  s  A-iach  hole,  aa 
st  1  in  Fig.  18.  Pasi  the  upper  rod  throngh  tbis  hole  and  con- 
nect  the  lever  ann  2  vertically  to  the  forward  eihaoit  manífold 
■tud.  Oonnect  tbe  lower  rod  3  to  the  priming  lever  on  the  car- 
bureter.  Work  tbe  rods  bark  and  íorth  several  times  to  make 
■nro  thej  leturn  to  norma!  position  wben  releaaed. 

hstallalKm  of  Battery 

Plaee  tbe  battei?  box  on  tbe  rigbt-hand  ninuing  board  and 
mark  four  holes  with  a  center  punch  aa  flbown  at  1  in  Fif.  19. 
The  poeition  of  the  batter;  box  ahould  be  sucb  aa  to  pennit  eaay 


Figi.  IS  HHd  19,  Ir/f  lo  liaht—FlB.  18.  Orau  é  Daili  prlMln; 

rod  camiccrioat  sn  Ford;  ľl-r.  in.  Intlallíng  battrrv  /or  Orat 

á  Dai-li  OH  Ford 

opening  of  the  car  doors  and  rcarly  accrus  to  the  box  itíelf.  Drill 
four  ii'ineh  bolea  through  the  running  board  2,  uaing  a  jaek  or 
prop  to  support  the  runninjí  boaril  while  drílling.  Bpplaee  the 
l>attery  box  od  runnin^  huard  to  mark  the  hotŕi  ín  tbe  aplash 
plate  for  inaulating  calile  buHhings  3,  tbcn  drill  Iwo  bolea  \% 
inch  in  diameter.  Inaert  tbe  inaulating  cable  buabíng  4  in  left- 
hand  hole  and  necure  it  in  plače  with  wooden  nnt;  do  tbe  aame 
with  tbe  right-hand  buahiug  5.    The  wooden  aute  inay  be  tecnred 
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in  position  by  twisting  a  plece  of  wire  around  the  thread  as  shown 
at  6.  A  coat  of  heavy  paint  also  will  serve  to  hold  the  nut  in 
plače  and  at  the  samé  time  preserve  the  insulator.  Place  the  two 
wooden  cleats  7  with  holes  in  each  end  between  the  battery  box 
and  the  running  board.  Bolt  the  battery  box  to  the  running 
board  with  %-inch  by  l^/^-inch  bolts  through  the  bottom  of  the 
battery  box,  cleats  and  running  board,  and  secure  the  four  bolts 
with  nut  and  lock  washers.  Place  the  two  spccial  battery  cleats 
9  inside  the  battery  box,  one  at  each  end,  for  the  battery  to  rest 
úpon  so  that  the  holes  in  the  cleats  will  fit  over  the  bolt  heads  in 
the  bottom  of  the  box.  81ide  the  battery  in  place  with  the  nega- 
tíve terminál  of  the  battery  toward  the  front  of  the  car  a(nd  put 
^-inch  wooden  strips,  10,  at  each  side  between  the  battery  and  the 
box.  Attach  the  two  holddown  springs  11  so  as  to  hold  the  battery 
securely  in  place.  Examine  the  battery  and  if  the  solution  áoQ9 
not  cover  the  plates  at  least  ^  inch,  add  pure  wator,  filling  the 
cells  to  %  inch  above  the  tops  of  the  plates. 

Connectmg  the  V^^ring 

The  entire  systém  in  place  is  shown  in  Fig.  20  and  the  wiring 
in  pian  and  perspective  is  shown  in  pian  and  perspective  in  Figs. 
21  and  22,  respectively.  Attach  the  thrce  clips  holding  the 
tail-lamp  wire  as  shown  at  1  in  Fig.  20.  Place  the  tail  lámp  in 
position  as  shown  at  2,- and  connect  the  taillight  wire  3  to  the 
tail  lámp.  Tail  lamps  usually  are  made  with  a  single-wire  con- 
nector,  and  in  šuch  cases  the  metal  body  of  the  lámp  mušt  be 
connected  metallically  with  the  frame  of  the  car.  Be  súre  that 
the  connecting  surfaces  are  clean,  free  from  paint  and  securely 
fastened.  If  the  lámp  is  provided  with  a  two-wire  connector, 
r.nother  wirt;  should  be  run  from  the  sccond  terminál  of  the  con- 
nector  to  the  metal  framework  of  the  car.  Connect  the  short 
battery  cable  and  the  green  and  red  wire  to  the  starting  switch 
terminál  on  the  side  nearest  the  center  of  the  car,  as  shown  at  4. 
Then  pass  the  end  of  the  cable  through  the  forward  insulator  in 
the  splash  plate.  This  Is  the  negatíve  cable.  Connect  the  long 
battery  cable  to  the  sccond  gearbox  bolt  and  secure  it  with  a 
plain  lock  washer  as  shown  at  5  in  the  figúre,  and  pass  the  end 
of  the  cable  through  the  rear  insulator  in  the  splash  plate.  Make 
at  good  an  electrical  connection  to  the  gearbox  as  possible.  This 
is  the  positive  cable.    Connect  the  starting  motor  cable  6  to  the 
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oafside  terminál  of  the  atart- 
mg  awitcb.    Snpport  the  statt- 
ing  motor  cable  bjr  a  elip  7  to 
the  iitside  curved  edge  of  the 
•luh.     Paaa  tbe   negatíve  bat- 
terv  cable  throogh  tbe  batterf 
box    iOBuIatoT   aad   conuect   it 
to    Ifae   negatíve   batlerľ   ter- 
minál, 8.  "^ 
The    battery    terminals    am  ^ 
maile   of   lead   and   should   br  • 
huiJted  careŕully.    In  connocť                                                                _ 
ing   the  fables  to  the  battery                                                                S 
tfrminals,  be  aure  tbat  the  ter-                                                                S 
minals  are  cleaned  thoTOUghly                                                                * 
anil    faitcnecl    securely,    as    a                                                         E 
goo<l    firm    cootact    mušt    be                                                         ä 
nade  to  offer  as  Inw  a  resist-                                                         « 
anee  as  possible.    The  positive                                                         g 
batterj  cable  terminál  Íb  a  lit-                                                         % 
tie    larger    than    the    negatíve                                                                a 
one,   and    they   correspond    in                                                                 S 
■ize  to   tbe   holes  in   the   Inga                                                                ^ 
forming   tbe   terminals   of   tbe                                                                ^ 
batleiy.     Tbe  positive  battery                                                                 q 
cable   terminál    sbould   not   bo                                                                ^ 
ronnectcd  to  the  battery  or  tbe                                                                 g 
ŕuses  inserted  nntil  testa  abow                                                                Š 
that  tbe  wires  t;re  not  in  con-                                                                 & 
tact  with  tbc  frame  of  the  ear                                                                y 
or  in  contact  with  each  other,  | 
thua  canaing  a  ground  or  short-                                                         n 
rírruit.       Turn     the     lighling                                                                9 
imitrh  ofl  and  toncb  tbe  poši-                                                                ** 
tíve  battery  cable  terminál  to 
tbe    poaitive    terminál    of    tbc 
battery.     If  there  ia  a  apark, 
it  indicates  a  ahort-cireuit  or  a 
ground.     Thia   trouble   atways 
should     be     correeted     before 
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making  the  final  eonnection  to  the  battery.  Of  course,  if  there 
Í8  no  spark  when  the  test  is  madc,  the  connections  to  the  bat- 
tery may  be  made  permanent.  After  connecting  the  battery  ter- 
minals  secare  the  cover  10  on  the  battery  box,  and  plače  fuse  11 
in  fnse  elips  of  lighting  switch. 

Opemting  fautruclioiit 

The  two  generátor  bearings  and  the  two  motor  bearings  should 
l>e  oiled  every  200  miles,  and  čare  should  be  taken  to  keep  the 
oil-well  eovers  closed. 

The  chain  should  not  be  allowed  to  run  slack.  When  the  systém 
Í8  first  installedi  or  when  a  new  chain  has  been  put  on,  the  chain 
shoald  be  adjusted  occasionally  during  the  first  few  hundred 
miles  of  travel  until  all  stretch  has  been  taken  out  of  it.  The 
chain  stretch  will  be  quite  slight  after  being  run  perhaps  500 
miles.  After  long  service,  when  all  chain  adjustment  has  been 
taken  np,  the  chain  may  be  shortened  by  taking  out  a  pair  of 
linka.  The  latest  type  of  chain  is  supplieďwith  a  removable 
fair  of  links,  retained  in  position-by  two  removable  pins,  which 
are  identified  easily,  as  these  pins  are  a  triíle  longcr  than  the 
regniar  riveted  pins. 

The  wires  are  more  or  less  subject  to  dislodgment  and  injury, 
and  they  should  be  examined  occasionally  to  sec  that  they  are 
not  resting  on  sharp  edges  of  metal  and  that  the  insulation  is  not 
wom  or  injured.  Examine  the  cables  leading  through  the  ^plash 
plate  and  battery  box;  the  bushiugs  mušt  be  intact  and  in  plače 
to  protect  the  cable.  If  the  insulation  on  any  wire  or  cable  is 
found  to  be  injured,  wrap  the  spot  with  insulating  tape  and  make 
the  necessary  changes  in  the  positions  of  the  conductor  or  its 
supports  to  prevent  a  re-occurrcnce  of  the  damage. 

The  engine  never  should  be  run  with  the  battery  disconnected 
or  oíf  the  ear  without  first  insulating  or  removing  two  of  the  gen- 
erátor brushes  from  contact  with  the  commutator,  to  provcnt  the 
generátor  from  generating  any  electrical  pressure  in  its  armatúre. 

Examine  the  brushes  occasionally  to  determine  whcther  they 
are  excessively  wom.  The  stop  on  the  brush  holder  limits  the 
downward  travel.  The  brushes  wear  for  a  long  time,  but  do  not 
allow  them  to  wear  until  they  reach  the  limit,  as  poor  brush 
contact  on  the  commutator  and  burning  of  the  commutator  re- 
raltfl.    It  is  important  when  renewing  brushes  that  eaeh  brush  is 
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connected  firmly  and  is  fitted  properly  to  the  shape  of  the  com- 
mutator.  Tbe  brushea  should  be  in  firm  contact  with  tbe  com- 
mutator  and  wben  raised  by  bánd  should  return  to  their  proper 
position  freely.  Tbe  brush  tension,  or  pressure,  on  the  commu- 
tator  sbould  be  only  moderate.  The  commutator,  if  coated  or 
dirty,  can  be  cleaned  by  holding  a  clean  cloth  slightly  moistened 
with  oil  against  the  commutator  whiie  it  is  rotating.  The  com- 
matator  should  be  smooth.  If  roughened,  it  probably  is  due  to 
burning  where  brush es  are  in  contact,  because  of  insufficient  con- 
tact or  pressnre  at  the  end  of  brushes.  Examine  brush  tension, 
brush  contact  and  swinging  of  brush  holder.  The  commutator 
Burface  may  be  smoothcd  off  by  holding  a  very  fine  piece  of  sand* 
paper  folded  ílat  against  the  commutator  by  a  square  ended  piece 
of  pine  wood.  Never  use  emery  cloth  or  emery  paper.  If  sand- 
paper  is  held  by  hand  it  does  not  true  up  the  surface  of  the  com- 
mutator nearly  so  well  as  when  pressed  against  the  commutator 
by  the  piece  of  wood.  The  sandpaper  should  be  00  or  finer.  Af  ter 
using  the  sandpaper,  wipe  oíf  the  surface  thoroughly,  also  brushea 
and  brush  hoiders,  and  if  compressed  air  is  available  blow  out 
interiér  of  maehine  so  as  to  remove  any  loose  foreign  matter,  šuch 
as  dust,  which  may  háve  accumulated.  Wipe  off  the  commutator 
with  a  cloth  which  has  a  little  clean  vaseline  on  it  before  closing 
up  the  maehine. 

The  threaded  shaft  on  the  end  of  the  motor  which  carries  the 
small  driving  pinion  should  be  cleaned  occasionally  to  prevent 
its  Bticking  to  the  shaft  oa  account  of  the  oil  gumming.  The 
threaded  portion  should  be  cleaned  with  kerosene. 

The  foUowing  lamps  are  recommended  by  Oray  ft  Davis:  Head- 
lamps  6-8  volt  15-candlepower,  2  inches  round  with  helical  fila- 
raent  and  bayonet  base,  sometimes  called  ediswan  base.  If  the 
base  has  a  center  contact,  specif y  *  *  single  contact ' '  but  if  it  has 
two  contacts  specify  ''two  contact."  Side  lamps  6-8  volts,  4 
candlepower,  bayonet  base.  Tail  lámp  6-8  volts,  2  candlepower, 
bayonet  base. 

Lamps  should  be  in  focus  for  best  results.  Move  bulbs  in  head- 
lights  forward  or  backward  by  turning  adjusting  screw  in  back  of 
lámp  housing  until  the  most  intense  beam  of  light  is  obtained. 
Lámp  brackets  should  be  bent  to  direct  rays  downward  on  the 
road  for  best  road  illumination. 

The  ammeter,  if  it  is  to  be  installed  pcrmanently,  may  be 
mounted  on  the  cowl  to  the  right  of  the  lighting  switch.    Be  very 
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tľareful  to  ser  Ihat  the  ammctcr  tcrminals,  nuls  or  waíhcrs  Jo  iiot 
rome  in  contaet  with  aay  other  metal.  Diseotmert  greea  and 
nd  wirc  from  fuse  hlock,  and  iecurely  fasten  it  to  right-band 
imnÍDal  of  ammetťr,  when  facing  tovrard  the  front  of  the  car. 
From  tbe  left-hand  terminál  of  the  ammeter  connect  a  abort  píeee 
of  wire  to  the  fnse  block  terminál  from  whicb  you  removed  the 
(rreen  and  red  wire.  Now  turn  headlights  on  with  engine  at  rest, 
Aranetcr  ghould  indiratp  discharge.  Should  it  indicate  ehai^e 
Ír:Bte&d  of  discharge,  Ihe  ammctor  connei'tiooB  should  be  reversed. 
The  eonnectionH  for  a,  portable  ammeter  are  the  samé  ae  those 
for  the  one  being  initalled  permanentt/,  and  unlesa  it  is  of  the 
xero-center  type  tbe  conneetions  will  háve  to  be  reversed  whea 
changing  from  a  discharging  to  a  eharging  conditiou  of  the  bat- 
tfry  or  vice  veraa. 


FIff.  33  —  DSúgram 
shoKiaB  mtlhoi  0/ 
connrcling  ammeter 
in  rJrcuil  on  Orau  d 


A  diagram  showing  the  mcthod  of  making  the  above  connec- 
tions  is  ahown  in  Fig.  23. 

Two  Types  of  Generaton 

Two  types  of  generátora  are  supplie.l  by  Gray  4  Davis.  Their 
chief  difTerence  lies  in  the  niethod  of  regulnting  the  output.  In 
one  type  the  regulation  is  by  the  third-brush  method  and  in  the 
otber  type  the  regutatiou  is  by  elettromagnetie  means.  Both 
tbese  types  of  regulation  háve  been  described  thoroughly  in 
previous  articlea. 

The  operation  of  the  two  gencrators  may  be  dcacribed  brielly 
aa  ŕollowa:  In  the  eane  of  elĽťlroniagnetiť  regulation  tliere  is  au 
elcctromngnet  eoiitrolling  a  set  oť  coiitaets  coiincťteil  aľross  tho 
temúnals  of  a  rcsistauce  in  serieš  with  thi'  shunt-field  wiuding 
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of  the  generátor,  and  tbia  resiBtance  is  ehorted  or  not  shorted, 
depending  npon  whetber  the  contacta  are  closed  or  open.  Tha 
winding  of  the  electromagnet  is  coanected  acrosa  the  teTminsIa 
of  the  gener&tor  and  the  contacts  open  when  the  voltage  has 
increaaed  to  Buch  a  value  that  it  will  produve  a  corrcot  in  the 
winding  Df  aufficient  magnitude  to  draw  up  the  armatúre  of  the 
electromagnet.  When  the  voltage  diops  below  a  predetermined 
valne,  dependlng  npon  the  adjustment  of  the  spring  controlling 
the  armatúre  of  the  electromagnet,  tbe  armatúre  will  be  drawa 
away  bj  the  Bpring  at^  it  overcomea  the  magnetic  pull,  and  the 
contsetB  will  be  closed,  tbus  causing  the  äeid  current  to  inerease 
iii  value  and  bencc  there  will  be  an  increaae  in  voltage.     This 


Flo.  24 — Tico  (ľpc«  of  Qray  <f  Datit  tvtttm  }or  Ford  car.     Tkt 

grnertttor  unlt  sAoicn  al  Ie/(  lutt  elrelrvmaeneHo  ntuWlon,  ichll« 

tkai  Dl  rigkt  Am  thlrd-bmth  regulaiioH 

operation  of  the  armatúre  of  the  electromagnet  takes  plače  at  a 

In  the  third-bruBh  tj^ip  of  generátor,  the  ehunl-field  winding  is 
conneeted  betwecn  ono  of  the  main  bnishes  and  what  is  cslled  a 
third  brush.  This  third  brush  is  located  on  the  eommutator  be- 
tween  the  poaitiona  for  two  of  the  main  brushea,  and  the  voltage 
bctween  it  and  the  main  brnah,  to  which  the  Geld  winding  is  con- 
rected,  is  aome  fractional  part  of  the  total  voltage  between  the 
terminala,  and  the  value  of  this  voltage,  which  ia  aeting  pn  the 
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ehnnt-field  winding,  changes  when  the  armatúre  is  carrying  a  cur- 
rent  due  to  the  twisting  of  the  magnetic  field  of  the  generátor  in 
the  direction  of  rotation  of  the  armatúre. 

The  two  types  of  generátor  differ  somewhat  in  outward  appear- 
ance,  and  the  inexperienced  person  may  determine  the  type  he 
has  by  the  two  external  views  shown  in  Fig.  24.  The  machine 
shown  at  the  left  has  electromagnetic  regulation  and  the  one  to 
the  right  has  third-brush  regulation.  The  wiring  diagram  shown 
in  Fig.  22  is  for  the  generátor  having  third-brush  regulation,  and 
the  wiring  diagram  shown  in  Fig.  25  is  for  the  generátor  having 
electromagnetic  regulation. 

Generátor  with  BectromagBetic  Regulatioa 

The  generátor,  regulátor  and  cut-out  all  may  be  tested  by 
observing  carefully  the  indications  of  the  ammeter  for  all  condi- 
tions  of  operation.  Turn  the  lights  all  off  amd  ran  the  engine, 
increasing  the  speed  very  gradually. 

If  the  ammeter  remains  at  zero  until  the  engine  Bpeed  has  in- 
creased  to  an  equivalent  of  approximately  7  to  8  miles  per  hour 
and  then  indicatcs  a  charging  current,  it  is  proof  that  the  cut-out 
is  closing  at  the  proper  time.  Continue  to  increasc  the  speed  of 
the  engine,  and  the  eurrent  should  increasc  until  r^aching  8  to 
12  amperes  at  an  engine  speed  of  approximately  12  to  13  miles 
per  hour.  The  eurrent  should  remain  practically  constant  for  all 
higher  speeds  of  the  engine,  which  indicates  that  the  electro- 
magnetic regulátor  is  operating  properly.  Should  the  eurrent 
continue  to  incrcase  to  any  great  extent  after  the  engine  has  at- 
tained  a  speed  corresponding  to  14  to  15  miles  per  hour,  or  if  the 
eurrent  is  abnormally  low  when  the  speed  is  increased,  it  indi- 
cates that  the  electromagnetic  regulátor  is  not  operating  properly 
and  should  be  adjusted,  which  will  be  described  later. 

Decrease  the  engine  speed  gradually  and  if  the  eurrent  de- 
creases  in  value  and  when  reading  O  to  2  amperes  discharge  re- 
turns  to  zero  while  the  engine  is  slowed  down  still  further  and 
brought  to  rest,  it  indicates  that  the  cut-out  properly  is  discon- 
necting  the  battery  from  the  generátor  before  the  generátor  stops. 

If  the  ammeter  indicates  several  amperes'  discharge  before  re- 
tnming  to  zero  or  should  continue  to  show  discharge  and  not  re- 
turn  to  zero  as  the  engine  is  brought  to  rest,  it  indicates  that  the 
cut-out  is  sluggish  or  that  the  cut-out  points  are  stuck  together. 
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The  proper  adjafltment  of  the  cut-out  is  given  in  one  of  the  fol- 
lowÍD(^  sections. 

If  the  ammeter  does  not  indieate  any  charging  current  at  all 
when  the  engine  is  speeded  up,  determine  whether  the  generátor 
or  the  eut-out  is  at  fault.  Examine  wires  between  generátor  and 
regulátor  and  cut-out,  also  between  generátor  and  battery.  Ex- 
amine brushes  and  eam  insulator.  Run  engine  at  speed  of  ap- 
proximatelj  12  miles  per  hour,  lights  turned  off,  and  while  engine 
íb  ranning  conneet  a  wire  from  generátor  terminál  A  in  Fig. 
C5,  which  is  the  lower  terminál  on  the  side  of  the  machine,  to 
the  terminál  B  on  the  cut-out  which  is  the  terminál  to  which 
the  green  wire  ia  connected.  If  the  ammeter  then  indicates  chargé 
and  does  not  indieate  chargé  .when  points  A  and  B  are  not 
connected  together,  the  cut-out  is  at  fault.  If  the  ammeter 
rhows  neither  chargé  nor  discharge  when  the  points  A  and  B 
are  connected  together,  the  generátor  is  at  fault.  Carefully  in- 
fipect  the  machine  to  see  that  the  field  wires  are  not  injured,  that 
all  wires  are  installed  properly  and  firmly  connected  to  their 
(Toper  terminals  and  that  the  bearings  and  brushes  are  not  exces- 
aively  wom. 

Generátor  with  Third-Bnish  Regulatioii 

Tnm  the  lights  oň  and  run  the  engine,  incrcasing  the  speed 
very  gradually.  If  the  ammeter  shows  no  indication  of  current 
uDtil  the  engine  has  reached  a  speed  equivalent  to  approximately 
7  to  9  miles  per  honr  and  then  indicates  a  charging  current,  i  t 
shows  that  the  cut-out  is  dosing  the  circuit  properly.  Gontinue 
to  increase  the  engine  speed,  and  the  current  should  increase 
in  value  to  12  to  15  amperes  at  an  engine  speed  equivalent  to 
approximately  13  to  18  miles  per  hour.  Now  as  the  speed  of 
the  engine  further  is  increased,  above  perhaps  18  miles  per 
boar,  the  charging  current  should  decrease  in  valne  to  approxi- 
mately 10  amperes  f  or  the  high  speeds. 

Decrease  the  engine  speed  gradually  and  if  the  current  de- 
creases  in  value  and  when  reaching  a  value  of  O  to  2  amperes 
discharge  the  pointer  returns  to  zero  while  the  engine  is  slowed 
down  still  further  and  is  brought  to  rest,  it  indicates  that  the 
cut-out  Í8  opening  the  circuit  at  the  proper  time.  If  the  ammeter 
•hould  indieate  several  amperes  discharge  before  returning  to 
xero   or  should   continue   to   show   discharge   and   not   return   tQ 
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EOro  wtien  engine  íb  itopped,  U  indicates  that  the  ent-ont  is 
tluggish  or  that  tho  cut-out  pointa  are  Btuck  togetbei. 

If  tbe  amineter  does  not  indicate  chargé  at  aU  wheu  the  engine 
is  speeded  up,  determine  whether  the  generatot  or  CDt-out  ia  kt 
fault  ai  eiplained  in  the  latter  part  of  the  previous  aectíon. 

Cwnbined  Regtbtor  and  Cut-out 

Tbe  ioteríor  of  the  cDtnbined  electromagnetic  regulátor  and 
cut-oot  ÍB  shown  in  Fíg.  26.  The  principle  of  tbis  device  is 
quite  simple  and  its  operation  may  be  explained  aa  followa: 
CdíI  3  íb  a  fine  wire  or  shuDt  wluding.  Tbe  circuit  of  thiB  winď 
ing  may  be  traced  in  Fíg.  25,  staning  with  terminál  A,  to  tbe 
terminál  of  the  faee  nurked  A,  Ihrough  the  fuse  and  Bmall-wire 


wíniling  juBt  to  the  right  of  the  fuae,  thencp  to  the  grounil  eon- 
ne«tíon  marked  +  and  through  the  generátor  armatúre  to  the 
point  A  from  which  yon  started.  The  rurrcnt  in  the  windtng 
will  vary  in  vahie  ae  the  electrical  preasure  gencrated  in  tbe 
armatúre  of  the  machine  varieB  in  valuc,  and  the  magoetic 
cffeťt  of  thiB  iľurrent  when  it  has  reached  a  Buffirient  valne  will 
nttract  tbe  iron  armatúre  7,  Fíg.  26,  whicb  operatea  re|!u'ator 
pointa  5.  ThpBe  regulátor  pointa  arc  shown  junt  to  the  right 
of  the  terminál  F,  on  the  rť^lllitor  cut-out  in  Fig.  25,  and  when 
they  are  cloaetl,  the  resiatance  between  the  points  F  and  A  on 
the  generátor  is  sbuntcd  through  the  following  circuit.     From  A 
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Ml  the  generátor  to  A  on  the  reg^ilator  cut-out  through  the  fuse, 
throngh  the  heavy  winding  shown  on  the  upper  right-hand  cor- 
ner  of  the  regulator-cut-ont,  thence  to  the  regulátor  points,  to 
the  terminál  F  on  the  regulator-cut-out  and  then  to  the  terminál 
F  on  the  generátor.  The  regulátor  joints  are  adjnsted  by  turn- 
ing  knnrled  serew  9,  Fig.  26,  which  regiilates  the  gap  between 
parta  7  and  9.  Decreasing  the  gap  deereases  the  output  and 
increaaing  the  gap  increasea  the  ontput.  The  larger  the  gap, 
the  amaller  the  f ractional  part  of  the  total  time  that  the  regulá- 
tor pointa  short-circuit  the  resistance  connected  between  the 
pointa  A  and  F  on  the  generátor,  as  shown  in  Fig.  22.  Thia 
reaistance  ia  in  serieš  with  the  field  winding  of  the  generátor  and 
aa  the  length  of  time  it  is  in  circuit  is  inereased,  the  value  of 
the  average  field  eurrent  will  be  decreased  and  hence  the  field 
atrength  will  be  lowered,  which  will  cause  a  decrease  in  the  elec- 
trical  pressure  generated  in  the  armatúre  winding,  and  hence  a 
decrease  in  the  eurrent  delivered  bj  the  machine.  Increaeing 
the  f  ractional  part  of  the  total  time  that  the  resistance  is  8hort> 
circnited  will  increase  the  value  of  the  average  field  eurrent,  and, 
ai»  a  resolt,  the  output  will  be  increased. 

Eleetromagnet  4  in  Fig.  26  has  two  windings,  a  coarse  wind- 
ing and  a  fine  winding.  The  fine  winding  is  connected  in  parallel 
with  the  winding  on  the  regulátor  coil  as  shown  in  Fig.  25,  and 
the  eoarse  winding  is  connected  in  serieš  with  the  generátor  and 
battery  when  the  cut-out  contacts  are  closed.  The  magnetic 
poli  on  the  armatúre  8,  Fig.  26,  when  of  sufficient  value,  draws 
up  the  armatúre  and  eloses  the  cut-out  pointa  6.  The  cut-out 
pointa  are  adjusted  by  tuming  knurled  screws  10.  Turning  this 
acrew  to  increase  the  gap  causes  the  cut-out  pointa  to  close  earlier 
and  stay  in  longer.  Increasing  the  gap  causes  the  cut-out  points 
to  close  later  and  open  earlier. 

Ad  joitiiig  Cut-oul  and  Regulátor 

Before  attempting  to  adjust  either  the  cut-out  or  the  regulátor, 
make  súre  that  the  remainder  of  the  electrical  systém  is  in  proper 
operating  condition,  all  connections  are  tight,  brushes  adjusted 
properly,  commutator  dean,  etc.  A  reliable  ammeter  always 
shonid  be  connected  in  serieš  with  the  red  and  green  wire  lead- 
ing  from  the  fuse  on  the  cowl  to  the  starting  switch.  It  is  not 
advisable  to  rely  úpon  the  readings  of  the  ammeter  on  the  dash 
if  an  ammeter  has  been  installed. 
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To  ailjust  cut-out,  ^railually  spŕpil  up  the  enirinc  anil  wotfľli 
the  ammcter  to  iletrrniiiic  the  valuc  of  thc  olosing  currcnt.  Tlio 
closing  current  is  the  reaiiing  on  the  nmmptcr  nt  thti  inatant 
the  cut-out  i>DÍntB  cloM.  Ií  the  ammeter  íloľs  nnl  in<liratc  bc- 
Iwecn  1  and  3  ampeíĽS  when  the  cut-out  points  flrat  closf,  turn 
adjuBting  nut  JO,  Fig.  26,  to  bring  the  reailitig  between  I  and 
3  amperes  with  the  lamps  turned  olf.  Gradually  slow  donn  tha 
engine  and  obs«rve  the  rcadíng  of  the  ammeter  when  the  cut-out 
I'Oints  open.  The  ammeter  should  indicate  betneen  ^  and  2 
amperes  discharge  when  the  points  opcn.  By  rcpeating  ihia 
operation  a  few  timea,  an  adjustment  cau  be  found  whieh  will 
give  satUfaclor}'  resultB.  If  the  cut-out  points  are  not  cloan, 
o  picce  of  papcr  should  be  drawn  bctnľeii  thom,  at  the  samc 
tíme   i>res9ÍDg   them    together   with   s   alight    pressure.      If   thcy 


trmh  type  of  geiicralor 

are  rou^hpned,  a  plece  of  verv  finc  Bnndpnper  mny  hf  usod  in 
Rmnolhing  thom  ofT.  Be  Bure  to  plcan  IhoroughlT  the  pointa  after 
Lsing  thc  sandpapor  and  be  extreniely  caroful  not  to  hend  the 
springs  auppnrtíng  them  as  thia  will  cause  scrious  troublc,  aa 
you  will  thcn  be  unal)le  to  make  a  salisfactory  adjiistment. 

The  opcratioB  of  the  regulátor  should  be  šuch  that  the  ammeter 
will  indicate  approxímately  9  to  JO  aniperefl  at  all  speeds  higher 
thnn  the  spced  corrcsponding  to  12  to  13  miles  per  hour,  If  Ihe 
ammeter  imlicatea  a  eurrent  vcry  mueh  lesa  than  this  amount, 
ndjUHlmcnt  of  the  regulátor  may  be  nrecssnry,  cspecially  if  Iba 
battery  has  a  teiulency  to  ruu  down  (p'adually.     If  the  ammeter 
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Bbows  more  thsn   14  to  15  amperes  when  the  engine  íb  apeeded 
ii|i,  the  refculstor  pointa  Bhould  bc  adjuat^il. 

The  regulátor  pointa  ahould  be  cleaned  thoroughly  as  in  the 
casB  oí  the  cut-out  jiointa.  The  eugiue  ahoulU  be  operateU  at  & 
speed  equiralent  to  approximalely  IS  to  30  mílea  per  hour,  and 
the  knuried  Bcrew  9  in  Fíg,  28  turnpil  ao  that  the  eurrent  ia 
aliout  9  amperes.  The  adjuatment  may  háve  to  be  repeated  aev- 
<  ral  tlmea  before  altogelher  satisfaetory  reaulta  are  obtained. 
It  ia  alwaya  beat  to  háve  the  battery  fully  chargcd,  iŕ  poaaible, 
when  making  the  above  adjUBtmcnts  of  the  cut-out  and  regulátor. 


After  both  the  cut-out  and  regulátor  háve  bccn  adjusted,  each 
ahoDld  be  given  a  final  test  to  make  súre  that  tho  adjuatment 
<.í  the  laat  one  haa  not  inlerfered  with  tho  adjuatment  made  in 
the  firat  one.  If  any  change  in  ad.juHtnifnt  ia  found  to  hav« 
taken  plače,  the  necesaary  chaugľa  ehould,  of  courae,  be  made. 

Cnt-Ont  Od  Third-Bnufa  Type   of  Generátor 

The    eot-out    used    irilh    the    third-brush    type    of    (generátor    is 
ohoWD    in    Pig.     27,    and    Ihe    euni[>lete    cut-out    located    in    th« 


48  AUTOMOBTLR  ELECTRICAL  SYSTEMS 

houBÍng  of  tlie  generátor  U  shown  in  Fig.  2S.  There  are  two 
windinga  on  the  iron  core  of  tbe  cut-out  ae  Bhown  st  2  and  3 
in  Fig.  27.  Tho  electrical  connectione  of  thcse  two  winilinga 
are  shown  diagrammatically  in  Fig.  22.  The  beavy  windíng  2 
i,i  connccleJ  in  serieš  with  the  generátor  and  battery,  nhile 
the  fine-nire  winding  ia  conneťtecl  acroas  the  terminalB  of  tho 
generátor  in  Buch  a  manner  that  tbe  current  taken  by  tbe  Bno- 
wire  winding.  pasaes  through  the  eoarse-wire  wíndiDg.  Ah  the 
speed  of  the  generátor  increases,  there  ia  en  increase  Íd  the  value 
of  tbe  gcnerated  electrical  preasure  in  its  armatúre  winding, 
and,  bencc,  there  ia  an  increase  in  the  value  of  the  current  in  the 
line-wire   winding,  since   the  winďing   ia  eonnected   permanently 


Orag     J     navil 
brunh  Ofncr 


iii  cireuit.  When  the  magnetic  pull  eiertec]  by  the  current  in 
Ihe  finc-wire  winding  has  reached  BUch  a  valne  that  it  will  pnll 
over  the  armatúre  1,  Fig.  27,  the  cut-out  contacta  S  will  be 
rlosed  and  the  cireuit  bctwcen  the  generátor  and  battery  will  be 
rompleted.  If  the  electrical  prcsaure  of  tbe  generátor  ia  greater 
than  the  electrical  preasure  of  the  battery,  the  battery  will  štart 
to  chargé  and  the  current  will  pass  through  the  coarse-wire  wind- 
íng 2  in  šuch  a  directiou  that  the  magnetic  action  of  thia  cur- 
rent aasiata  the  magnetic  action  of  tbc  current  in  the  fine-wire 
winding  and  the  armatúre  1  is  held  Sroily  in  position  and  the 
contaet  pointa  are  cloeed.  As  aoon  aa  tbe  electrical  preaaure  of 
the  generátor  drops  below  the  prcsaure  of  tho  battery,  due  to  a 
decrease  in  the  speed  of  the  engine,  the  battery  starta  to  dis- 
chargé  and  the  current  from  tbe  battery  flows  through  coil  S  tu 
the    oppoaite   direction    to   wbat    it   did    when    tbe   battery    waa 
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vhar^ing  and  heace  its  magnetic  actiou  oppcses  the  magnetic 
■ctiOD  of  the  enrreDt  in  eoi)  3.  This  relation  of  the  two  curreuts 
reduees  tho  magnetic  pull  on  th«  armatúre  1  and  permitB  the 
•pring  4  to  open  the  cut-out  contactB  S  and  tbus  prevent  a  íiit- 
ther  diacharge  of  the  batterj'  through  the  generátor. 

The  CDt-out  points  sbould  close  wben  the  engine  is  op«rating 
at  a  apeed  equivalent  to  approiimately  7  to  10  milea  per  hour, 
and  the  ammeter  sbould  indicate  from  O  to  3  amperes  charging 
rurreut  whea  thb  pointa  firet  elose.  When  the  engine  slows 
down,  the  cut-out  pointa  ahould  open  when  the  diacharge  cur- 
rent  i8  Írom  O  to  2  araperes.    Wbea  adjustment  of  cut-out  pointa 


ÍB  Deeesaary,  the  preasure  of  epring  4  eliould  be  changed  until 
the  valnes  of  the  currents  correspond  to  those  given  above. 
Some  akill  nill  be  required  in  making  this  adjustment.  Clean  cut- 
ont  pointa  aa  deacribed  in  previoua  section. 

Adjuitíag  Oo^nt  of  Generátor 

In  the  third-brush  generátor  the  output  ís  regulntpd  by  a 
regulating  broab  called  the  third  bruah.  Thia  type  of  regulátor 
was  deseribcd  in  detail  in  oce  of  the  earlier  chaptera,  nhen  the 
different  types  of  regulation  were  treated.  The  Fig.  29  shows 
the  bruah-Bupporting  yoke  wilh  the  tno  main  bruabcs  l:t  and 
14  and  the  third  brush  12.  It  is  very  acldom,  if  over,  neeca- 
■ar^  to  make  an  adjustment  of  the  third-bruah  generátor,  but  when 
adjnstment  is  neceasary  it  sbould  not  be  undertakcn  without  the 
nae  of  a  reliable  ammeter.     The  adjustment  is  aucomplished  by 
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turning  the  pinion  11,  which  is  provided  with  a  slot  for  a  sorew- 
driver.  A  very  slight  turn  will  affcct  the  charging  rate  mate- 
rially.  Turning  the  pinion  to  the  left  increases  the  output; 
turning  to  the  right  decreases  the  output.  Whcn  the  generátor 
iirst  Í8  testedy  it  is  run  at  various  speeds  Írom  500  to  3000  r.p.m., 
and  the  third  brush  is  so  adjusted  that  the  charging  rate  at 
anj  speed  will  not  exceed  a  definito  amount,  usually  12  to 
15  amperes.  The  operation  of  the  third-brush  type  of  regulátor 
is  šuch  that  the  output  leachcs  a  maximum  value  and  then  tapera 
off  for  higher  speeds.  The  maximum  charging  rate  should  be 
reached  when  the  engine  is  running  at  a  speed  cquivalent  to 
15  or  18  miles  per  hour  and  then  dccrease  to  about  10  amperes 
for  very  high  speeds. 

The  internal  wiring  of  the  third-brush  generátor  is  shown  in 
Fig.  30.  The  field  wiring  is  connected  betwecn  the  positive 
main  brush  marked  14  and  the  third  brush  markcd  12.  The 
two  terminals  marked  +  and  —  respectively  correspond  to  the 
terminals  of  the  generátor  as  the  out-out  is  mountcd  inside  the 
generátor  housing. 

Startmg  Difficalties 

If  the  starting  motor  cranks  the  engine  when  the  starting  pedál 
is  pressed  to  the  fuU  limit  of  its  travel  and  the  engine  fails  to 
štart  to  run  under  its  own  powcr  aftor,  at  most,  10  seconds, 
release  the  starting  pedál  and  determine  the  reason  for  the 
failure.  Any  one  or  a  combination  of  the  following  troubles  may 
be  the  cause: 

Ignition  switch  not  turned  on. 

No  gasoline  in  the  tanks. 

Spark  plugs  dirty  or  dcfective. 

Ignition  wires  not  firmly  connected. 

Cylinders   need   priming. 

Cylindcrs  flooded  from  too  múch  priming. 

Carbureter  not  propcrly  adjusted. 

I)ust  in  carbureter  or  gasoline  pipcs. 

Poor  gradc  gasoline  or  water  in  gasoline. 

If  the  starting  motor  fails  to  crank  the  engine  when  the  štart- 
ing  switch  is  operated,  it  may  bo  due  to  a  weak  or  discharged 
battery.  If  the  lamps  dim  exccssively  when  starting  switch  is 
operated,  it  shows  that  the  battery  practically  is  discharged, 
QT  perhaps  the  battery  cables  are  not  connected  firmly  to  the 
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battery  terminals  and  transmission  čase,  or  there  is  a  poor  con- 
taet  in  the  starting  switch,  or  the  engine  may  be  very  stiff. 
If  the  lamps  remain  bright,  that  is,  do  not  dim  at  all  when  the 
itarting  switch  ia  operated,  it  shows  that  the  atarting  circuit 
M  open.  ilzamine  all  parts  of  the  circuit  for  an  open  circuit  or 
poor  eontact.  It  may  be  necessary  slightly  to  bend  the  blades 
ia  the  atarting  switch  in  order  that  a  good  connection  may  be 
laade.  Examine  the  atarting  motor  brushes.  If  exeesaively  Vorn, 
they  will  not  make  firm  eontact  with  the  commutator.  If  the 
commntator  ia  dirty  or  rough  it  should  be  cleaned  thoroughly 
and  wiped  with  a  rag  on  which  there  ia  a  little  vaseline. 

If  preaaing  the  atarting  pedál  to  its  fuU  limit  fails  to  rotate 
starting  motor,  releaae  the  atarting  pedál  and  determine  the  cause 
which  may  be  dne  to  any  one  or  a  combination  of  the  following: 

Battery  very  weak  or  completely  discharged. 

High  reaiatance  in  motor  circuit  due  to  looae  connection  or  poor 
eontact  in  awitch  or  at  bruahes. 

Motor  may  be  ahort  circuited  by  cable  being  in  eontact  with 
aome  metal  part  of  the  car. 

The  atarting  pinion  may  be  wedged  ao  that  motor  armatúre  ia 
not  free  to  operate. 


T 


CHAPTER  IV 

Westinghouse  System  for  Fords 

HE   Westinghouse  starting  and  lighting  equipment   for   t  ho 
Ford  car  is  a  single-unit,  12- volt,  single-wire  systém.      The 
regulation  of  the  generátor  is  by  the  third-brush  method. 

Preparing  Engine  for  Mounting 

Check  all  the  materiál  to  sec  that  there  are  no  parts  missing. 
Adjust  the  ignition  and  carbureter  so  that  the  engine  is  running 
smoothly  before  diamantling  any  part  of  the  engine.  Remove 
the  radiátor  and  both  water  connections,  the  three  forward  left- 
hand  cylinder  bolts,  as  shown  in  Fig.  31,  the  fan  and  its  bracket 
complete,  and  the  Ford  timer.  Turn  the  engine  crankshaft  so 
that  the  pin  in  the  fan  pulley  is  in 'a  vertical  position,  Fig.  31, 
and  drive  the  pin  out  and  remove  the  starting  crank  and  fan 
pulley. 

Uac  a  bulldozing  tool  to  expand  the  front  end  of  the  engine 
oil  pan,  Fig.  32.  This  tool  may  be  purchased  from  the  Westing- 
house company.  It  is  extremely  important  that  at  least  %-inoh 
clearance  beyond  the  driving  sprocket,  which  is  to  be  mounted 
on  the  engine  crankshaft,  be  obtained  as  shown  in  Fig.  83.  The 
bulldozing  tool  should  be  used  with  the  spacing  hub,  always  next 
to  the  engine.  The  tool  is  made  so  that  it  may  be  used  for  right- 
hand  and  left-hand  operations  equally  well. 

Mounting  Crankshaft  Sprocket 

The  crankshaft  sprocket  is  assemblcd  at  the  factory  and  ad- 
jiisted  to  the  proper  tension.  Dismantle  the  sprocket.  See  that 
the  hole  in  the  end  of  the  crankshaft  is  in  a  vertical  position^ 
and  then  drive  the  Westinghouse  sprocket  hub,  Fig,  33,  so  that 
the  hole  in  the  sprocket  hub  is  in  Hne  with  the  hole  in  the  crank- 
shaft. The  sprocket  hub  mušt  be  a  tight  fit  on  the  crankshaft  and 
should  be  driven  in  to  plače  by  a  copper  or  brass  bar  as  shown 
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Tig.  31 — Forá  enginc  prepared        Flg,  32 — Metliod  oj  utlug  special 
tur    iHttatlation     of    Wrulinii-       bultdoiing  íool  to  crpand  /roní 
hovtr  tlartint  and  líuMino  end  o]  engine  oil  pan 
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in  Tig.  33.  Drivfl  the  hub  pin,  Fig.  33,  throngh  tlie  sprocket 
hub  and  shaft,  aiul  be  aure  that  the  headed  end  is  fluah  with 
the  Burface  of  tlie  hub.  If  the  pin  Í8  not  a  tight  &t  in  the  ahaft, 
it  ahould  be  bent  a  aligbt  amount  at  the  center  so  as  to  make  it 
tight.  Uae  a  dríft,  Pig.  34,  for  driving  the  pin  into  plaee  lo  aa 
not  to  injure  the  pin  or  hub.  To  be  eure  tbat  the  pin  u  not  pro- 
jccting  too  far  at  the  eitended  end,  plare  the  sprocket  on  the 


FIff.  84 — Mrihad  of  utlng  dH/l  In  taMrtM)?  iproekfí  pli  in  k«ft 

hub  and  tnrn  ít  sevcral  rcvolations.  If  the  sprocket  does  not  tnm 
freelj,  the  pin  probably  strikcs  inside  and  should  be  trinuned 
donn  uniil  it  just  cloars, 

Rcmovc  the  sprcickeť  and  plače  one  of  the  frietioa  washera, 
Fig.  35,  on  the  hub.  Now  spring  the  spring  ring  into  plaee  on 
the  bub  HO  that  the  stnall  hole  in  the  ring  engages  with  the  pro- 
jerting  Pnd  of  the  small  pin.  It  will  not  go  into  plače  any  other 
way.  Be  súre  that  the  free  end  of  the  spring  ring  projeets  at 
least  i^  iach  out  frotn  the  aurfaee  of  the  sprocket  hub,  Fig.  35. 

Plače  the  chain  under  the  spruťket  hub.  Slide  the  sprocket 
over  tbc  spring.  Pack  the  sprocket  with  cup  grease  and  plače  the 
other  friction  washer  on  the  forward  aide  of  the  sprocket.  Now 
plače  the  stationary  washer  over  tbc  keyway  in  the  sprocket 
hub,  and  put  the  ajiring  waaher  on  the  oatside  of  this  and  faaten 
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it  in  plaee  irith  tfie  uut,  as  Bhovrn  in  Fig.  35.  The  nut  abould 
be  tightened  aatíJ  tbe  mark  "  Q "  on  the  nut  corteaponds  wíth 
tfae  mark  in  tbe  keyway  on  tbe  hub,  lower  part  oí  Fig.  35. 
The  groovea  in  tbe  faee  oí  tbe  nut  ahould  regieter  wtth  tbe  flutes 
eí  the  spňng  wasber. 

Bemove  the  nat  from  the  forward  left-hand  bearing  bolt  and 
tfplMA   it   with   t,   special   flat   WeBtinghouse   nnt,   as   ihown   in 


milú  "t  fig-  S«—ÄdiuattBg  the  dittance  bttween  the  ora- 
w,,iíath«u*eeTaKk*haft  tert  oj  (fte  crankítui/t  and  (fce  »fco/i  o/  tht  ctrc- 
•iir'itkri  awl  il»  adiutt-  irlcal  unil.     Thit  dlftonce  «ho*l4  be  taact 


Pig.  33.  Plaee  tbe  loek  washer  on  top  of  this  nut  and  screw 
tbe  eylindrieal  nut  donn  tightly  to  the  lock  naabcr.  Beplace  the 
Ford  timei. 

Monnting  Electrkal  Unit 

Set  tbe  Westiugboaic  eleetrical  unit,  Fig.  36,  in  plaee  on  the 
cDgioe,  using  in  tbe  cylinder  bead  tbe  thrce  Bpecial  screns  fur- 
niahed  foi  thia  pnrpose  and  the  special  c^lindrical  nut  providcd. 
Adjnst  tbe  center  dištance  bctwecn  the  cngine  crankshaft  and 
tbe  shaft  of  the  eleetrical   unit,  as  shown   in   tbe   figúre.       Tbia 
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di<(tanrc  bIioiiM  he  lli-^-incli  aa  shown,  an<l  bII   thrcc  pnín 
Biipjiort  should  toufh. 

Rľmovc  Ihe  Bproekot  from  thc  shaft  of  thc  plcľtric  unit,  ¥\g. 
37.  In8ťrt  the  sproťkct  in  tlie  cikHcss  ilriving  chaín  ancl  prpsn 
tlie  Bprocket  on'  itlie  Bhaft  aa  ahown  in  the  figúre.  Wben  tlie 
Bpro<'ket  ia  in  plače  therc  should  be  at  leaat  10  pouixla  lenaion 
on  thc  chaíu.  1í  thc  tension  on  ttie  chain  is  lesa  than  ,1  pouniU, 
adjuat  the  center  ilÍBtance  sa  ilirpcteil  in  the  folloning  ]>a 
grapli  until  requirrd  tensina  ia  obtainc-d. 

A  new  ailent  ťhain  is  riaatic  to  nomc  cntent  nii<l  for  this  r 


ftSSEMDLY 

'ING   5PUT 

'i-iXy    IN  PLACr 


INd  /(in  asicmblil 

Bon  a  new  chain  ia  adjustcd  to  run  at  sbout  10  pounds  tension. 
Aftcr  Bľvcral  huiidred  niilea  nf  ruuaiiig,  thľ  chain  may  be  looa- 
oned  ao  that  it  strikcs  llic  chain  guard.  Thia  is  a  súre  naming 
thnt  it  ia  time  to  tightcn  the  chain  and  it  ahould  really  not  bo 
nllowed  to  run  iintil  Ihis  occurs.  Loosen  the  thrcc  bolte,  Kig. 
,'18,  Bhout  one  full  turn  from  the  top  supporting  bracket.  Tightcn 
thc  adjuating  huahiag  noarest  the  radiátor  until  chain  tcn- 
aion  ia  corrrct,  and  thcn  aet  other  liushing  to  agrec  and 
tightcn  all  aupport  bolta.  Do  not  run  the  íhain  undcr  tension 
aftcr  it   has  been   strctched.     If  tho  chain   is  too   tigbt   it   will 
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produce  a  grinding  aoiee.  Wben  properiji  adjusted,  after  the 
chain  bas  been  in  eervíce  for  at  least  2,000  milea,  it  Bhould  give 
about  %  to  Vj  incfa  whcn  preased  úpon  wíth  the  Ďngcn. 

After  replacing  Iho  (au  pulle;  and  tigbtening  the  nut,  be  súre 
to  replaco  the  cotter  pin,  Fig.  39.  Mount  th«  ehaÍD  guard  íd 
placc  and  see  tbat  it  lines  up,  as  staown  in  Fig.  40. 

Clamp  the  nplit  fan  pullcy  on  the  Ford  fan  pulley  aa  shown  in 
Figa.  37  and  3S,  and  replacc  tho   fan  on   tbe  engine,  uiing  the 


haJI  pMcv  In  plač 


new  fan  belt.  The  fan  bladcs  should  be  bent  slighlly  lo  as  to 
clear  the  pulley  on  tho  eloctric  unit.  Inatead  of  the  Ford  ratrhet 
rlutuh  antl  pin,  use  the  Wcstinghouae  nlecve  and  pin  rcapcctively 
na  ahown  in  Vig.  38.  Whcn  the  Ford  starting  crnnk  ifl  replareil 
it  msy  be  found  aiightly  out  of  alignment.  If  ao,  inaert  a  bar 
in  the  atartin^  crank  boaring  and  apring  tho  bearing  into  align- 
ment.   Thia  complctes  the  instalJation  of  the  clectrical  unit  it*eU. 
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IiutaJktkm  ot  Svritckes  and  Battoy 

Vannt  the  Westiôghouse  two-gang  Hghting  Bwitch  on  tlie  right- 
band  aide  of  tbe  daah,  as  eliown  in  Fig.  40.  *Cut  a  rectangular  hole 
\a  the  dash  at  a  point  low  enough  ao  that  the  carburetcr-adjusting 
ri»l  will  not  tonch  the  contact  Bcrews  of  the  awitch  when  it  is 
faitfned  in  place  bj  four  wooden  screna  through  the  cover  plate 
■•a  the  face  of  the  dash.     Moont  the  tvee  just  below  the  lámp 


of  Ihe  trlriiiO 

^witeh  on  the  engine  aide  of  the  dash  aa  shown  in  the  figúre.  On 
Ford  on  with  the  cowl  dash,  it  may  be  necessarj  to  change  the 
|<t4ition  of  the  tpecdometer  alightly  to  proride  space  for  the  lámp 

The  itarting  switch  and  hand  generátor  cut-out  sboutd  be 
Intated  on  tbe  hcel  board  at  tbe  Icft-hand  aide  of  the  car,  ap- 
prniimately  S  inches  front  tbe  car  frame,  as  ahown  in  Fig.  41. 
The  tcrminala  should  be  tovard  the  right-hand  aide  of  tbe  car. 
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Mount  the  battery  box  on  the  right-hand  running  board,  as 
Bhown  in  Fig.  42,  and  drill  two.  %-inch  holes  in  the  splash  plate 
to  match  the  holes  in  the  batterj  box.  Plače  the  battery  in  the 
box  as  shown  in  Fig.  43,  and  fasten  it  in  placo  with  the  holding* 
down  bolts. 


rromt 


ôtóiiin^  Bvttoň 

Stortinó  5m'lct$ 
úndCvlout  V 

ControtMúU 
Dastt 


Fig,  41,   ábovr — Diagram  uhowing  loca- 

tion  of  Wcstinghoune  8tarting  stcitch  and 

cutout  on  Ford  car 

Fig,  42,  right — Location  of  hattery  hoje 

on  running  hoard  of  Ford  car,  Wcating- 

houMC  installation 


r 


-=--—=^ 


S 


**■■'•■.•-.'. -rr*,  r- 


v^^jrf??/ľ{rrm?fffír!^fT^ft?t. 


<jj»j'"^»'-U? 


Fig,  43 — Side  and  end  rietca  of  hattery  box  mounting  on  running 
board  of  Ford  car,  WeatinghouHe  installation 

Intfalling  the  Wiring 

The  wiring  ehould  be  fastened  in  placp  as  shown  in  Figs.  44 
and  45.  If  Wcstinghouse  lamps  arp  used,  the  dimmer  should 
be   removod.     AH   the  holding  oleats   should  be  fastened  undcr 
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bolta  alreadj  on  the  Ford  chassis,  except  where  wood  screws 
maj  be  used  to  attach  the  holding  cleats  to  wood  parta.  Be  very 
eareful  that  the  various  cable  terminals  do  not  touch  any  part 
other  than  the  stud  to  which  they  are  supposed  to  be  fastened. 
Failore  to  observe  this  precaution  may  result  in  the  apparatus 
being  Beriously  damaged  or  the  battery  ruined  before  the  car  is 
ever  mn.  It  is  equally  essential  to  prevent  the  metal  armor  on 
the  eables  Írom  touching  any  of  the  connecting  studs  or  ter- 
minals. The  ground  wire  should  be  fastened 
at  one  end  under  one  of  the  supporting  bolts 
of  the  starting  switch  and  cut-out  and  at  the 
other  end  by  fastening  the  connection,  together 
with  the  cleat  for  W-2,  under  the  bolt  holding 
the  brake  and  clutch  rod  to  the  frame.  Do  not 
connect  the  ground  wire  W  from  the  battery 
until  all  other  wires  are  in  plače  and  fastened. 
The  ground  connection  W  is  made  by  fastening 
the  connection  under  the  bolt  of  the  muffler 
support. 

Attach  the  lámp  connectors  to  the  wires. 

These  connectors,  as  made  by  the  Westinghouse 
_  company,  are  of  the  solderless  type.    To  con- 

-^     ^- ^Delailf  of  é  ^®*^*  remove  the  connector  from  the  lámp.    Slip 

WfUngKouBt  lámp       the  casing,  see  A  in  Fig.  46,  back  over  the  cable 

and  push  the  wires  through  the  coDar  B.  Re- 
move the  insulation  from  the  ends  of  the  wires  for  a  dištance  of 
about  ^  inch.  With  a  small  screwdriver  applied  to  the  sleeves  D, 
remove  the  little  metal  socket  G  from  the  connector.  Insert  the 
bare  ends  of  the  wires  into  the  holes  in  the  socket,  and  fasten 
them  with  the  small  set  screws.  Beplace  the  socket  and  fasten 
it  by  Bcrewing  up  on  the  sleeve  D.  Be  súre  that  none  of  the  strands 
of  bare  wire  projects  outside  of  the  insulating  plece  £.  Attach  the 
head  and  tail  lamps,  insert  the  connecting  plugs  and  try  all  circuits 
to  determine  that  everything  is  operating  satisfactorily. 

When  Westinghouse  Ford  electric  beadlamps  are  used,  Fig. 
45,  connect  as  shown  in  the  diagram,  grounding  ono  wire  from 
eaeh  lámp  socket,  also  one  wire  from  the  tail-light  socket.  One 
Bwiteh  button  will  give  dim  lights,  and  the  other  switch  button 
will  give  bright  lights.  If  two-wire  double-bulb  lamps  are  used, 
one  wire  from  each  lámp  socket  mušt  be  grounded  to  the  lámp 
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I.ouain);  or  car  frame,  ai  ehown  in  Fig.  44,  and  the  ilimmcr 
Rhoulil  be  ilisconnccled.  If  siile  lightB  are  used  iiiateail  of  double- 
biílb  hcadlifthls,  with  two-wirc  lánips,  both  wirea  in  caliles  W-7 
and  W-8  ean  be  used  for  the  headlighls,  as  sbown  in  Vig.  44,  the 
dash  pud  of  one  wirc  in  cach  eable  being  groundcd  iustcad  of  con- 

1 


Fla.   47— Firof    >tiv  '"   '"-  P'íl-     *'^  —  """""ff 

tlallali™   of   WcHInghou-e  *""><■    lanitinH    Hnit 

Ignltlon    itnil   on    ťord   ear  moanfiil  on  ľvri  car 

iipťtinc  to  the  gniteh.  An  additional  wlre  Sbould  be  nin  ftom  the 
sivitoíi  to  one  terminál  of  pach  bí.Ip  lamji,  and  the  other  t«rminat 
of  the  laniii  groundeil.  The  diinnipr  Bhoiíld  be  discomneoled.  If  sido 
ll;:hts  are  used  iaslend  of  doubti'lmlh  Innipe,  vrítb  BÍngle-niTe 
iamps,  both  ends  of  one  nire  in  crihlp  W-7  and  W-8  are  nselesa 
and  sbould  be  tapcd.  An  additional  nire  should  be  run  from  the 
Bniteh  to  each  sidi-  Inmp.  and  the  other  terminál  of  Ihe  Ismp 
grounded.     The  dimmer  should  be  diseonnected. 

lw«t>lling  WMtbiglioaie  IgnltioD  on  the  Ford 

BemoVG  the  ~Pord  timer  and  timer  rod,  l'ord  ignílion  coit  uid 
all  ignition  wiriog.  Bemoľe  the  ľord  timer  rolter  and  tbe  spark 
(>lug  from  cj'linder  No.  1,  nearest  the  radiátor. 

Plai;o  tbc  Weetinghouse  gear  Z-1  on  the  carnsbaft  in  plaee  of 
the  Ford  timer  roller  and  fasten  it  in  jilacc  with  the  samé  pin,  cap 
and  nut  used  in  holding  the  roller,  as  ahown  in  Fig.  47.  Tiirn  tbe 
engine  until  the  piaton  of  cylinder  No.  1  ie  at  the  exact  center  of 
the  Qľing  atroke,  that  is,  when  the  pieton  has  come  to  the  top  of 
the  cjlinder  with  both  the  inlet  and  outlet  v&Itc  closed.     Tbe  poň* 
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ticiii  «f  the  piglon  an<1  thc  valvoa  may  be  aeen  through  thc  spark- 
)>lDg  holp. 

Mount  the  ignition  onit  in  tho  supporting  bracket  anil  put  thc 
hoLlinit  Bfrew  Z-3  ín  plai-e.  Bc  súre  that  thc  ígnilion  unit  turna 
frťely  in  thc  bracki-t.    Reniovc  the  diatributor  bloch  from  the  top 


Fig.  49 — Conntdton  o/ 

mení  o/  Aitffi-(rn«f(iH 
KMng  0}  WriliHff- 
JiOHir  IgníHoH  vn(t  on 


FíiJ.  50 — CoHnrction»  for  Wtľl- 

(H,/í,..y-f  ifinifJDH  •IHJI  /or  F,.rd 
Hintih-piilr  non-irľiTíťBíí  rvriteh 


nf  the  ignition  unit  and  sliile  Ihc  ring  cover  up.  Tnrn  the  ei 
unit  antil  it  is  in  the  position  shown  in  Fig.  48.  Hoid  the 
firroly  in  this  position  and  turn  the  diatributor-brush  arm  coui 
riockwise  to  the  left  until  the  contatt  brush  is  in  the  poši 
sboirn  in  Fig.  48,  and  the  interrupter  contacts  are  juat  bcgin 
to  open.  Now  elnmp  Ihe  unit  in  plai'c 
position.  Use  the  tivo  speeial  aerewi 
plare  on  the  engine.    Turn  thc  engine 


>n  the  engine  citactly  in  I 
Z4  to  hold  the  bracket 
over  by  hand  to  make  b 
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that  tho  bevel  geara  are  mesbiiig  correctly  ftnd  not  binding  in  any 
position. 

Connéct  the  timer  Z-5,  íurDÍshed  with  tha  WeBtinghouBe  equip- 
mént,  to  the  ignition  unit  as  ehowD  in  Fig.  49.  Operate  tbe  apark 
lever  on  the  steering  post  and  sec  tbat  tbe  ignition  unit  íollows  the 
movement  of  tho  control  lever  and  does  not  tend  to  bind  in  any 

Mount  the  cover  plate  on  the  daah  over  the  holea  left  by  the  re- 
tnoval  of  the  Ford  eoil  unit,  and  cut  a  rcctangular  hole  in  the  dash 
to  receive  the  WcBtinghouBe  ignition  Bwitrh.  Faaten  tbe  cover 
[liate  and  ignition  Bwitcb  to  the  dash  with  tbe  Bcrews  aupplied  toi 


that  purpoee.  Plarc  Ihc  distributor  block  on  the  ignition  unit  and 
ronnpct  tbc  wirca  to  the  apark  pluga  as  Bhown  in  Figa.  49  and  50. 
Be  very  careful  to  connev t  eaťh  plug  to  the  point  shown  in  the  dia- 
gram. Connect  One  end  of  the  amall  wire  Z-7  to  tbe  terminál  on 
tbc  siiln  and  npar  the  bottom  of  tbc  ignition  unit  tbat  baa  no  other 
connectioD,  and  connect  tbo  other  terminál  of  the  wire  Z-7  to  the 
ignition  awitch.  Tbe  terminál  Y  on  the  ignition  awitch  ahonid  be 
ronnected  to  the  negative  terminál  of  the  battery,  which  may  be 
done  by  running  a  wire  to  the  terminál  B-  on  the  cut-out  O,  aa 
abown  in  Fig.  50.  The  ignition  circuit  is  completed  tbroogh 
ground  or  tbc  chassie  of  the  car  when  the  ignition  awiteb  la  cloaed. 
Tbere  arc  three  torminaU  provided  for  reveraing  tbe  dtreelion 
of  current  through  the  interrupter  contai^ta.  Changing  the  ahort 
ronnecf  ion  from  onc  aide  of  Ibe  center  to  tbe  other  aide,  and  chang- 
ing primáry  wire  reveraes  tho  curreut  through  the  interrupter  con- 
tac-tB. 
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The  ignition  switch  is  a  simple  single-pole  switch  used  in  con- 
neetin^  the  primáry  terminál  of  the  ignition  unit  to  the  negative 
terminál  of  the  battery.    A  front  and  rear  view  of  the  switch  are 

shown  in  Fig.  51,  and  it  may 
ToSparhPlugs        y^^  ^g^^  ^^  reverse  the  direction 

of  the  current  through  the  in- 

terrupter  contacts  as  follows: 

Bemove  the   metal  strip   that 

Inducľion  Coil  connecta  two  of  the  three  ter- 

WerrupUr  Contccts  ^^^j^    ^^   ^^^   ignition   unit 

together.  Bemove  the  metal 
strip  that  connects  two  of  the 
fonr  switoh  terminals  together 
and  make  connections  between 
the  switch  and  ignition  unit  as 
shown  in  Fig.  52. 

Staitmg  and  Lightmg  Unit 

The  Westinghouse  electrical 

equipment  f  or  the  Ford  ear  is  a 

12- volty  Bingle-unity  single-wire 

type  in  which  the  unit  is  con- 

nected  permanently  to  the  en- 

gine   by   a  silent-chain   drive. 

The    driving   sprocket   on    the 

engine  crankshaft  has  a  cush- 

Fig.  ^Z-<](mn€ction»  heiM>€en  ignition  jo^ed     positive    drive    in    the 

twiteh  and  unit  šo  direction  of  cur-      ^     ^.  ,.       ^.  ^,    ^      . 

rent  in  interrupter  eontacta  oan  he   -tartmg     direction,     that     is, 

revtr9eá  when  the  sprocket  tends  to  turn 

faster  than  the  crankshaft  and 
a  frietion  drive  in  the  generating  direction.  The  friction  of  this 
drive  is  adjustable  for  wear  without  removing  any  part  of  the 
equipment,  as  described  in  the  section  on  failure  of  generátor. 

A  battery  cut-out,  or  magnetic  switch  as  it  is  sometimes  callcd, 
is  eonnected  in  the  circuit  between  the  generátor  and  the  battery. 
This  switch  connects  the  battery  to  the  generátor  automatically 
when  the  engine  is  running  at  a  speed  equivalent  to  approximately 
9  miles  per  hour  on  direct  drive  or  high  speed.  When  the  engine 
Í8  eonnected  to  the  rear  axlo  through  the  gears,  the  cut-out  closes 
at  a  múch  lower  speed  of  the  car  in  miles  per  hour.    If  no  lights 
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■re  tnrned  on  when  the  cut-cmt  cIobcb,  the  batterj'  will  immedUtelv 
Btart  to  chargé,  proľíded  voltage  of  tbe  generátor  exeeedt  the  volt- 
Bico  of  the  baltery  wbieh  ahouli]  be  the  čase  íf  al)  adjustments  are 
proptrlj  madc.  If  the  laupa  are  tnrned  on  and  cut-out  cIobcb,  the 
liattery  ma;  not  štart  to  chargé  until  the  ear  speed  bas  reacbed 
pcrhapa  15  mílcs  per  bour,  aa  tbe  generátor  firat  mušt  supplj  all 
tbc  current  to  the  lampa  before  it  can  štart  to  ehargs  tbe  battery. 
Tbc  current  snpplied  to  tbe  battery  will  depend  upOQ  the  number 
and  kind  of  lamps  in  service  and  tbe  apeed  of  the  engine,  Four- 
teen-volt  bulba  sbonid  be  uied  in  all  tbe  lampa.    The  constmctioD 


Fig.  03— OoiHlfucIi 


«f  the  itarting  awitch  and  cnt-out  ti  ahown  la  Pig.  5<1.  The 
elpctrical  conneťtioas  for  the  awiteb  and  cut-out  are  ahown  in  Figa. 
44  and  45.  Two  windinga  are  proviiled  on  the  cut-out.  One  oi 
these  windinga,  or  coiU,  carries  a  current  which  ia  proportíonal  to 
the  voltage  generated  by  the  electrical  unit  and  tbe  other  carriea 
tbe  current  delivered  to  the  battery  by  the  generátor  action  in  the 
electrical  unit  and  the  diacharge  current  from  tbe  battery  throDgli 
tbe  electrical  unit  when  the  voltage  of  the  battery  for  any  reaaon 
exceeds  tbe  voltage  of  tbo  generátor  and  tbe  cut-out  coDtaeta  bap- 
pen  to  be  cloaed.  Tbia  serieš  windiag  on  the  cut-out  and  tbe  eat- 
out  contacta  are  short-circuited  by  íbe  atarting-swítch  tontaets 
nhen  the  atarting  awiteb  ía  cloaed  and  there  ia  s  beavy  diacharge 
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carrent  from  the  battery  through  the  electrical  unit  which  now  is 
operated  as  a  motor. 

The  internal  electrical  connections  of  the  electrical  unit  are 
shown  diagrammatically  in  Figs.  44  and  45.  There  are  two  wind- 
ings  on  the  magnetic  circuit  of  the  machine,  one  a  heavy  winding 
of  relatively  few  turnSi  connected  in  serieš  with  armatúre  wind- 
ing, and  the  other  a  finer  winding  of  rela'tively  large  number  of 
tumSy  connected  from  a  third  brush  to  groundj  which  electrically  is 
one  terminál  of  the  machine.  When  the  machine  is  operating  as  a 
generátor  its  output  is  regulated  by  a  combination  of  the  third- 
bnish  and  bucking-field  principles.  When  the  machine  is  being 
operated  as  a  motor  the  magnetizing  action  of  the  large  and  small 
field  windings  assist  each  other  and  the  combination  produces  a 
large  starting  torque.  The  armatúre  of  the  machine  tends  to 
rotate  in  the  samé  direction  when  used  as  a  motor  that  it  rotates 
in  when  used  as  a  generátor  and  driven  by  the  engine. 

The  cap  oiler  on  the  back  end  of  the  electric  unit  should  be  given 
three  or  four  drops  of  oil  about  once  every  month.  Always  use 
the  best  quality  of  machine  oil  for  this  pnrpose. 

Ezamine  the  commutator  occasionally  by  removing  the  spring 
eollar  over  the  brushes.  Keep  the  commutator  free  from  dirt  or 
oiL  If  the  commutator  becomes  roughened  its  surface  may  be 
{imoothed  np  with  fine  sandpaper  held  against  its  surface  with  a 
square  ended  stick  of  wood.  Be  súre  that  the  brushes  are  clean 
and  making  good  contact  with  the  commutator  surface  and  that 
they  are  not  worn  so  as  to  need  replacement.  The  brushes  should 
not  be  removed  unless  they  are  suspected  as  being  the  cause  of 
some  electrical  trouble  in  the  operation  of  the  systém.  They  may 
be  removed  by  lifting  the  spring  that  holds  the  brush  in  the  guide 
and  taking  out  the  screw  holding  the  brush  shunt,  af  ter  which  the 
brushes  may  be  slipped  out.  In  removing  each  brush  it  should  be 
noted  which  side  was  up  and  each  brush  should  be  replaced  m  its 
originál  holder  with  the  proper  side  up.  When  new  brushes  are 
installed  see  that  they  are  seated  properly  on  the  commutator  by 
grinding  them  in  with  sandpaper  until  this  perfect  fit  is  obtained. 
It  is  advisable  to  use  brushes  obtained  from  the  manufacturers  of 
the  equipment,  as  they  háve  determined  by  test  and  ezperiencc 
which  kind  is  best  adapted  to  each  particular  requirement. 

Do  not  put  oil  or  grease  of  any  kind  on  any  part  of  the  starting 
awitch,  as  it  will  cause  the  switch  contacts  to  become  gummed  and 
poor  electrical  connection  wilI  be  the  result. 
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If  for  anj  reaHon  at  all  one  of  the  bearínge  has  to  bc  TemOTed 
and  replaeed,  the  adjnetíng  cover  plate  shonld  be  acrewed  into 
exactly  the  samé  position  and  the  stop  inaerted  in  the  samé  hole. 

Beforo  clcaning  the  tngine  with  kctosene  or  gasoline,  be  Hur« 
to  flrst  dbconnect  the  poaitive,  +,  battery  cable  from  the  bat- 
tery.  If  tbU  suggcBlion  ia  not  follonccl,  a  apark  may  be  produced 
by  some  part  of  the  livo  circuit  coming  in  eontaet  with  a  gronnded 
part,  whíeh  may  ignito  the  gas.  Be  súre  to  reconneet  the  batteiy 
nhen  through  cleaning. 

Several  additional  fuscs  should  be  carTÍed  at  all  times.  If  &ny 
one  of  the  íuses  in  scrvico  ia  blown,  it  ahould  not  be  replaced  nntil 
the  cause  ia  known  and  remedicl.  A  fuae  may  blow  due  to  a  ground 
ur  short -circuit  in  the  wiring  or  lámp  aockets  of  any  of  the  varioca 


elcctriŕal  circuits.  Under  no  conditions  is  it  advisable  to  ose 
a  pieve  of  wiro  in  plače  of  a  fuae,  only  in  a  very  extréme  emer- 
gcncy  and  not  then  uoleaa  the  difficultr  with  the  circuit  haa  been 
corrected  or  tt  ia  known  not  to  be  very  aerioua  and  no  additional 
fuaes  are  available.  Ba  anre  to  replace  the  substltute  with  a  good 
fuse  at  the  very  first  DpportiiDity,  The  current  capacity  of  the 
fuae  should  be  10  amperea. 

Never  run  the  engine  with  the  battery  diaeonneeted.  1d  diacoii- 
necling  the  battery,  alwaya  diaeonnect  the  positive  terminál  Brat, 
and  in  raconnecting  alwaya  connect  the  positive  terminál  laat. 

OpcrmtKm  of  Igtiition  Untt 

The  Westinghouae  ignition  unit  ia  made  np  of  four  essei)ti«l 
parta,  namely,  the  interrupter,  the  condcnacr,  the  induction  coil 
and  the  diatributor,  Fíg.  54,  all  mounted  in  one  cmo-  Tb«  operation 
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ot  the  mt«rnipter  ma;  be  observed  bj  looBening  the  thnmb  Bcrew 
A,  Tig.  55,  and  slidUig  the  loose  scctioQ  oí  the  insulating  Ľaae  up- 
ward.  With  the  ignition  switcfa  turned  to  the  "on"  poBÍtion  and 
the  eagine  being  turned  over  very  alowly  by  hand,  each  segment 
of  the  inteTTupter  cam,  ¥\g.  54,  in  turn  passea  on  and  off  the  fiber 
bamper.  As  eaeh  segment  of  the  cam  passea  oS  the  Gber  bumper, 
Ihe  inteiTupter  contacte  close,  thus  closUg  the  electrical  circuit 


Fíg.  S5 — Waanohoute  {gnitlon  unH  lor  the  Forä  car.    At  teft, 

ÍHlemipttr  oocer  ralte4  and  äínlribattr  plate  tu  ponilloti;  tight, 

tittermpttr  cover  lowcrcd  and  distributér  plate  remaved 


from  the  battery,  tbrongh  the  primáry  wínding:  of  the  índuction 
coiL  Then  aa  each  segment  of  the  cam  passcs  undcr  tho  fibcr 
bamper,  the  interrupter  contocts  arc  opened,  which  suddcnly  opens 
the  electrical  circuit,  thua  causing  a  high  voltage  to  be  induced 
in  the  secondary  winding  of  the  induction  eoii.  The  accondary 
winding  has  one  of  ita  termin&la  grounded  and  the  other  terminál 
is  conneeted  by  the  distributor  to  tbe  insulated  terminala  of  the 
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different  spark  plugs  in  turn.  If  thc  adjustments  of  the  ignition 
unit  are  correct,  thc  secondary  wiiiding  should  be  connected  to 
some  one  of  the  spark  plugs  at  the  instant  that  the  primáry  cir- 
cuit  is  opened  at  the  interrupter  contacts.  The  high  voltage  pro- 
duced  in  the  secondary  winding  then  will  causc  a  spark  betwecn 
the  terminals  of  the  spark  gap  of  one  of  the  spark  plugs  and  thus 
ignite  the  chargé  of  gas  in  the  engino  cylinder  in  which  the  plug  i.s 
mounted. 

The  adjustment  of  the  ignition  unit  should  not  be  disturbed 
until  a  thorough  search  has  been  made  f  or  the  trouble  and  you  are 
positive  the  difficulty  is  within  the  unit  itsclf. 

The  dištance  betwecn  the  points  of  the  spark  plugs  should  bo 
adjusted  to  .025  inch  for  the  best  opcration.  Missing  often  will 
be  due  to  dirty  spark  plugs^  or  the  insulation  of  the  plug  may  bc 
cracked.  The  plugs  should  be  removed  and  thoroughly  cleaned  and 
inspected  and  the  points  carefully  adjusted. 

The  carbureter  should  be  adjusted  carefully,  preferably  by  a 
man  thoroughly  familiar  with  this  kind  of  work,  and  his  instruc- 
tions  in  regard  to  changing  to  a  richer  or  leaner  mixture,  use  of 
heating  jackets,  etc,  should  be  followed. 

Although  there  secms  to  be  no  relation  between  the  water  cir- 
culation  or  insufficient  cooling  of  the  engine  and  ignition,  yet  it 
may  tend  to  cause  pre-ignition,  loss  of  power,  and  a  tendency  for 
one  or  more  cylinders  to  keep  on  fíring  after  the  ignition  is  turned 
oíf.  An  excessive  deposit  of  carbon  in  the  cylinders  may  be  the 
cause  of  similar  results. 

The  interrupter  contacts  should  be  adjusted  by  turning  the  eon- 
tact  screw  with  a  screwdriver  so  that  with  the  cam  segments 
against  the  fiber  bumper,  as  shown  in  Fig.  54,  the  contacts  are  open 
.008  inch.  The  interrupter  contact  should  be  inspected  about  every 
1,000  miles  running  of  the  car,  and  the  gap  space  checked  ^dth 
the  feeler  gage  furnished  with  the  outfít.  If  the  contact  points 
are  rough  or  pitted,  they  should  be  smoothed  off  with  a  very  fine 
filé,  making  certain  that  the  surfaces  come  together  squarely  after 
final  adjustment  has  been  made. 

The  distributér  brushes  should  slide  freely  in  their  holder  and 
the  spring  should  push  the  top  brush  out  so  as  to  extend  from  the 
holder  about  one-quarter  inch  when  the  distributér  plate  is  re- 
moved The  brushes,  however,  should  be  retained  firmly  by  their 
springs  so  as  to  never  tend  to  fall  completely  out  of  the  tnbr. 
Be  8ure  that  both  brushes  are  in  plače  before  pulling  on  the  úis- 
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tribntor  plate.  The  surface  of  the  distributor  plate  shôuld  be 
kťpt  free  from  carbon  dust  between  the  contact  surfaces  hy  an 
occasional  wiping  with  a  clean  cloth. 

When  the  engine  is  running  with  any  high-tenslon  lead  discon- 
nected  from  its  spark  plug,  as  in  the  čase  of  a  spark  plug  pump, 
the  disconnected  high-tension  lead  should  be  grounded  to  the  en- 
gine f  ráme.  The  ignition  unit  never  should  be  operated  with  a 
high-tension  lead  disconnected  from  its  distributor  terminál. 

IntfallaHon  of  Voltmeter  and  Ammeter 

A  voltmeter  may  be  mounted  permanently  on  the  dash  of  the 
ear  and,  when  properly  connected,  will  indicate  at  all  times  the 
eondition  of  the  storage  battery.  When  con'necting  a  voltmeter  to 
the  circuit  of  the  Westinghouse  Ford  systém,  connect  the  terminál 
marked  —  on  the  voltmeter  to  the  terminál  marked  B —  on  the 
Westinghouse  combined  starting  switch  and  cut-out.  The  volt- 
meter terminál  marked  +  should  be  connected  to  the  frame  of  the 
ear  at  any  convenient  point. 

If  an  ammeter  is  desired  it  may  be  connected  easily,  as  provi- 
8Íon  for  connecting  one  in  circuit  has  been  provided  on  the  com- 
bined starting  switch  and  cut-out.  To  connect  the  ammeter  in 
circuit  remove  the  metal  strip  between  the  small  terminál  and  the 
B —  terminál,  and  connect  the  terminál  marked  —  on  the  ammeter 
to  the  terminál  marked  B —  on  the  combined  starting  switch  and 
cut-out.  The  terminál  marked  -h  on  the  ammeter  should  be  con- 
nected to  the  small  terminál  from  whieh  the  metal  strip  was  taken 
on  the  combined  starting  switch  and  cut-out. 

Location  of  Troubles 

When  troubles  arise  in  the  operation  of  an  electrical  systém,  it 
is  (lesirable  to  locate  them  as  quickly  as  possible,  and  to  assist  in 
doing  this  the  Westinghouse  company  has  gone  to  considerable 
trouble  in  preparing  a  generál  classifícation  of  the  troubles  likely 
to  očcur  in  connection  with  their  systém  and  the  causes  of  each. 
It  is  not  likely  that  you  will  ever  experience  any  particular  diflS- 
colty  and  will  háve  no  occasion  to  make  use  of  certain  parts  of  this 
list  of  probable  difficulties.  In  each  generál  classification,  the 
most  likely  cause  and  at  the  samé  time  the  most  easily  tested  are 
given  first  and  they  should  be  checked  in  the  order  given. 
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Startmg  Tronbles 

If  the  starting  motor  fails  to  štart  when  the  starting  switcli  Í8 
closed,  open  up  the  starting  switch  and  test  out  the  trouble  as  fol- 
lows,  asing  a  direct-current  voltmeter  to  check  with.  Connect  the 
voltmeter  to  the  battery  terminals  or  better  still  as  instructed  in 
a  previous  section  and  observe  its  indication  of  the  battery  volt- 
age.  If  it  indicátes  less  than  11  volts  or  the  lamps  are  vcry  dim 
when  turned  on,  the  battery  is  run  down.  The  condition  of  the 
battery  can  be  checked  by  determining  its  specific  gravity,  as 
previously  explained  under  the  section  relating  to  the  storage 
battery. 

Next  look  f  or  an  open  eircuit  or  loose  conneetion  in' the  wires 
W,  W-1  and  W-2,  Figs.  44  and  45.  Bemove  the  spring  collar 
over  the  brushes;  see  that  the  brushes  and  commutator  are  in  good 
condition  and  not  sticky  with  oil,  and  the  brushes  make  good 
clectrical  contact  with  the  commutator.  Ezamine  the  contacts  in 
the  starting  switch  to  see  that  the  eircuit  is  closed  when  the  switch 
is  depressed. 

If  the  motor  still  fails  to  štart  after  this  inspection,  connect  the 
voltmeter  leads  to  the  brushes  of  the  motor  and  close  the  starting 
switch,  at  the  samé  time  observing  the  voltmeter.  If  the  voltmeter 
shows  no  indication  the  trouble  is  in  the  eircuit  between  the  bat- 
tery and  the  motor.  Bemove  the  voltmeter  conneetion  from  the 
positive  brush  and  transfer  it  back  to  the  positive  battery  terminál 
and  observe  the  voltmeter  reading  with  the  starting  switch  closed. 
If  the  voltmeter  gives  an  indication  of  the  voltage  of  the  battery 
the  trouble  is  in  the  eircuit  between  the  positive  terminál  of  the 
battery  and  the  grounded  brush  of  the  starting  motor.  Now  re- 
move  the  voltmeter  lead  from  the  positive  terminál  of  the  battery 
and  connect  it  to  the  frame  of  the  car  and  observe  the  voltmeter 
reading.  If  the  voltmeter  does  not  read  the  voltage  of  the  bat- 
tery the  eircuit  from  the  positive  terminál  of  the  battery  to  the 
frame  of  the  car  is  open.  If  the  voltmeter  does  read  the  volt- 
age of  the  battery,  the  conneetion  from  the  grounded  brush  ol 
the  starting  motor  to  the  frame  of  the  car  is  open.  The  eircuit 
leading  from  the  negative  terminál  of  the  battery  to  the  starting 
motor  may  be  tested  for  opens  by  connecting  one  terminál  of  the 
voltmeter  to  the  positive  terminál  of  the  battery  and  then  moving 
the  other  terminál  of  the  voltmeter  along  the  eircuit  from  point 
to  point,  starting  with  the  negative  battery  terminál  and  observ- 
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ing  the  voltmeter  reading  f  or  each  separáte  connection.  For 
example,  if  the  voltmeter  indicates  the  battery  voltage  with  the 
free  terminál  connected  to  the  starting-switch  terminál  to  whieh 
the  wire  B —  is  connected,  Fig.  44,  but  gives  no  indication  when 
the  free  terminál  is  transferred  to  the  starting  switch  terminál  to 


Fig.  S6 — Method  of  instalUng  atrangler 
on  Ford  engine 


which  the  wire  W-2  is  connected,  the  starting  switch  being  de- 
pressedy  it  is  an  indication  of  an  open  circuit  in  the  starting  switch 
itself. 

AU  these  tests  may  indicate  the  circuit  is  closed  and  that  the 
battery  is  fully  charged  yet  the  starting  motor  wiU  not  operate. 
The  difficulty  is  then  likely  due  to  an  extra  reslstance  being  intro- 
daced  into  the  circuit  šuch  as  poor  starting-switch  contact,  bad 
ground  connections,  etc,  and  may  be  tested  for  as  follows:  Gon> 
nect  the  voltmeter  across  the  part  of  the  circuit  you  suspect  of 
being  in  trouble,  for  example,  the  starting  switch,  and  close  the 
awiteh.  If  there  is  quite  an  appreciable  reading  on  the  voltmeter 
the  resistance  of  the  switch  eontacts  is  too  high  and  should  be 
cleaned  and  readjusted.  Likewise  the  resistance  of  the  ground 
eonneetions  may  be  tested  by  connecting  the  voltmeter  across 
the  ground  connection  with  the  circuit  closed  and  observing  the 
voltmeter  reading.  There  will  be  practically  no  indication  on  the 
voltmeter  if  the  resistance  of  the  ground  connection  is  low,  other- 
wiae  the  ground  connection  will  show  a  considerable  indication 
depending  úpon  the  resistance  oífered  by  the  ground  and  the  cur- 
rent  being  sent  through  the  resistance.  The  resistance  of  the 
entire  starting-motor  circuit  between  battery  an(}  starting  motor 
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may  be  checked  by  observing  both  the  terminál  voltage  of  the 
battery  and  the  voltage  between  the  motor  brushes  when  the 
starting  switch  is  closed.  The  diffcrence  in  these  two  readings  is 
a  measure  of  the  voltage  used  in  producing  the  current  through  the 
wires,  switch,  frame  of  car  and  all  connections  and  should  be  small 
in  value  in  order  ihat  as  large  a  part  of  the  total  battery  pressure 
as  possible  be  available  for  operating  the  starting  motor.  Remem- 
ber  that  the  voltage  between  brushes  of  the  starting  motor  and 
the  battery  voltage  will  be  the  samé  if  the  starting  switch  is 
closed  and  the  circuit  inside  the  motor  is  open  when  the  measure- 
ments  are  made  and  is  no  indication  of  a  low  resistance  but  instead 
an  open  circuit. 

If  the  engine  does  not  pick  up  immediately  after  two  or  three 
trials,  although  the  starting  motor  turns  the  engine  at  the  required 
speed,  tlie  trouble  is  more  than  likely  due  to  one  of  the  foUowing 
causes:  Gasoline  supply  exhausted;  dirty  spark  plugs;  faulty  car- 
bureter  adjustment;  ignition  systém  at  fault. 

If  the  engine  is  cold  or  has  not  been  in  usc  for  some  time  it  may 
be  necessary  to  use  the  strangler,  which  reduces  the  air  supply  to 
the  carbureter.  The  installation  of  the  strangler  is  shown  in 
Fig.  56. 

If  the  lamps  in  one  circuit  do  not  burn,  the  trouble  may  be  due 
to  the  lámp  being  burnt  out  or  a  broken  connection  in  the  wiring. 
Carcfully  examine  all  the  placos  whcre  the  electrical  connections 
are  made  on  that  particular  circuit,  and  try  a  lamp  that  you  know 
U  O.  K.  in  the  lamp  socket. 

If  none  of  the  lamps  will  burn,  and  the  voltmeter  reading,  when 
the  inštrument  is  installed  as  instructed  in  the  scction  on  installa- 
tion of  voltmeter  and  ammcter,  drops  to  zero  with  the  engine 
stopped,  this  may  be  due  to: 

(a)  The  terminals  of  the  battery  are  disconnected  or  corroded  so 
that  they  do  not  make  good  electrical  contact. 

(b)  The  wire  W,  Fig.  44,  is  disconnected  or  broken.  If  the  volt- 
meter indication  is  O.  K.  the  trouble  may  be  due  to: 

(c)  Blown  f  use.  If  the  f  usc  is  blown  do  not  roplace  it  immedi- 
ately but  look  over  the  wiring  carefully  for  an  accidental  ground 
or  short -circuit.  In  looking  for  grounds  or  abrasion  of  the  insula- 
tion  on  the  wire  or  an  electrical  contact  between  the  ends  of  the 
cables  or  current-carrying  parts  of  the  wiring  devices  and  the 
metal  of  the  car,  socket  shells,  etc,  should  be  examined.  When 
the  trouble  has  Iwen  locatcd  and  corrected,  replace  the  browu  fuse 
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with  anotber  fuse  of  the  sáme  current  capacity.  If  tlie  trouble  on 
the  circait  cannot  be  located  immediately,  then  turn  oíf  the  switch 
on  the  daňiaged  circuit  or  disconnect  the  part  of  the  circuit  in 
trouble  by  loosening  wire  from  under  a  screw  or  disconnecting  it, 
if  absolutely  necessary^  by  cutting  the  wire,  and  háve  the  diffi- 
culty  adjusted  at  the  very  first  opportunity.  If  the  trouble  is  in 
a  particnlar  lámp  socket,  disconnect  the  attachment  plug  from 
this  sockct  until  the  trouble  can  be  removed,  and  see  that  the 
removed  attachment  plug  does  not  dangle  in  šuch  a  way  as  to  make 
a  ahort -circuit  on  the  metal  of  the  car. 

(d)  Wire  W  or  W-1  may  be  disconnected  or  broken.  If  this  is 
the  čaše  the  starting  motor  will  not  operate. 

(c)   Wire  W-4  or  W-5  may  be  disconnected  or  broken. 


m 
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Fiff.  57 — Opened  and  closed  poaitiona  of  Weatinghouae 

cuťout  8witch 

(f)  The  lamps  may  be  burnt  out.  This  is  likely  to  be  the  čase 
when  any  of  the  troubles  a,  b  or  d  of  this  section  happen. 

(g)  The  battery  may  be  run  down. 

If  the  lamps  iň  a  circuit  go  out  for  an  instant  only,  the  trouble  is 
probably  due  to  a  loose  connection  in  the  circuit  so  affected.  If  all 
the  lamps  go  out  for  an  instant,  there  is  probably  a  loose  connec- 
tion at  one  end  of  the  wire  W-4  or  W-5. 

If  the  lamps  are  dim  when  the  engine  is  not  running,  this  indi* 
cates  that  the  battery  is  discharged.  If  possible,  háve  the  battery 
charged  at  once  from  an  outside  source.  It  is  advisable  to  check 
up  on  the  charging  rate  to  see  that  the  battery  is  being  properly 
charged. 

Battery  Troubles 

The  battery  may  not  stay  charged  and  the  difficulty  may  be  due 
to  any  of  the  f  ollowing  causes. 

(a)  The  car  is  not  run  enough  without  the  lights  or  at  high 
enough  speed  for  the  generátor  to  chargé  the  battery  and  replace 
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the  electrical  energy  that  is  drawn  from  the  battery  when  the 
lamps  are  burning  with  the  engine  not  running  or  running  at  very 
low  speed  and  that  used  in  operating  the  starting  motor  and  igni- 
tion  unit. 

(b)  A  ground  in  the  car  wiring.  With  the  engine  stopped  and 
the  lights  turned  off,  disconnect  one  of  the  battery  wires  and  touch 
it  lightly  on  the  battery  terminál  a  few  times.  If  a  spark  is  pro- 
duced  theŕe  is  a  ground  or  short-eircuit  in  the  wiring. 

The  battery  may  not  chargé  even  though  the  engine  is  running 
at  a  high  enough  speed,  due  to  one  or  more  of  the  following  causes: 

(a)  Loose  connection  betwecn  the  starting  switch  and  electrical 
unit.  See  that  the  terminals  of  the  wire  W-2  are  tight,  and  ex- 
amine  the  wire  betwecn  the  terminals  for  a  break. 

(b)  The  magnetic  switch,  or  cut-out,  in  the  generátor  circuit  is 
not  operating  properly.  Examine  the  switch  and  see  that  it  is 
connecting  and  discdnnecting  the  generátor  and  battery  prop- 
erly. The  switch  should  be  in  the  open  position  when  the  engine 
Í8  not  running,  as  shown  to  the  left  in  Fig.  57,  or  should  stay  in 
the  closed  position,  as  shown  to  the  right  in  the  figúre,  when  the 
engine  is  running  at  a  speed  equivalent  to  a  car  speed  of  approxi- 
mately  9  miles  per  hour  with  high-gear  connection.  The  speed 
at  which  the  cut-out  closes  of  course,  varics  considerably.  If  the 
switch  does  not  close,  the  generátor  is  not  developing  sufficient 
voltage  due  to  the  presence  of  oil  on  the  brushes  or  eomrnutator, 
or  some  of  the  brushes  may  be  worn  to  šuch  an  extent  that  they 
do  not  make  electrical  contact  with  commutator. 

(c)  The  friction  sprocket  may  háve  lost  its  tension.  With  the 
engine  stationary,  try  to  turn  the  electrical  unit  by  hand  in  both 
directions.  If  it  can  be  turned  easily  in  one  direction  the  nut,  Fig. 
35,  should  be  tightened  sufficiently  to  enable  the  engine  to  drive 
the  electric  unit.  When  running  the  car  at  15  to  20  miles  per  hour 
a  faint  click  may  be  heard  about  every  5  minutes.  If  the  clicking 
becomes  more  rapid  than  three  or  f  our  times  in  5  minutes,  tighten 
the  adjusting  nut  a  third  to  a  half  turn. 

(d)  The  shunt-field  brush,  Figs.  44  and  ^5,  may  not  make  good 
contact  with  the  commutator.  Adjust  the  brush  and  if  this  does 
not  correct  the  trouble  make  the  following  tests:  Test  out  the 
shunt-field  circuit  for  open  connections.  If  the  shunt-field  winding 
is  found  open-circuited,  the  trouble  was  no  doubt  originally  due  to 
an  open  circuit  between  the  generátor  and  the  battery  or  to  run- 
ning the  generátor  with  the  battery  disconnected. 
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(e)  If  the  engine  turns  over  slowly  after  the  ignition  switcli  íb 
tumed  to  the  ''off  "  position,  it  is  an  indication  that  the  generátor 
eut-out  Í8  stieking  and  the  battery  is  discharging  through  the  elee- 
trical  unit  which  is  now  operating  as  a  motor.  Should  this  happen, 
immediately  close  the  ignition  switch  and  while  the  engine  is  run- 
ning  disconneet  the  wire  from  the  generátor  and  then  ezamine  and 
adjnst  the  cut-out  switch. 

Ignition  Trottbles 

If  the  engine  fails  to  pick  up  the  difficuUy  may  be  dne  to  failure 
of  the  spark,  and  the  following  inspections  and  tests  may  bemade: 

(a)  See  that  the  ignition  switch  is  in  the  ''on"  position  and 
that  the  wire  or  wires  leading  from  the  switch  to  the  ignition  unit 
are  not  disconnected  or  broken. 

(b)  See  that  there  is  gašoline  in  the  carbureter  and  if  there  is 
none  it  may  all  be  used  up,  it  may  not  be  tumed  on,  or  the  gašoline 
feed  pipe  or  valve  may  be  stopped  up.  If  the  systém  is  of  the 
gravity  feed  type  the  gašoline  may  not  flow  into  the  carbureter  on 
■teep  hills. 

(c)  If  there  is  gašoline  in  the  carbureter,  také  out  one  of  the 
■park  plugs  and  lay  it  on  the  engine  with  the  sparking  points  in 
the  air  but  with  the  threaded  part  in  contact  with  the  engine 
frame.  Tum  the  engine  over  by  hand  or  the  starting  motor,  and 
if  there  is  a  spark  produced  at  the  plug  gap,  the  trouble  is  not  in 
the  eleetrie  systém  but  probably  due  to  poor  gašoline,  water  in  the 
gašoline  or  the  temperature  may  De  too  low  f  or  the  gráde  of 
gašoline  used. 

(d)  If  the  samé  battery  is  used  f  or  the  starting  motor  and  igni- 
tion and  there  is  very  little  chargé  in  the  battery,  the  battery  may 
Bot  be  strong  enough  to  produce  a  spark  of  sufficient  intensity  at 
the  samé  time  that  the  starting  motor  is  drawing  current  to  turn 
the  engine  over.  Often  time  in  šuch  cases  the  engine  may  be 
started  by  hand,  thus  preventing  an  ezcessive  draw  on  the  battery. 

If  no  spark  is  produced  when  you  try  test  c  and  the  battery  is  not 
diseharged,  aa  indicated  by  tests  in  d  above,  then  make  the  follow- 
ing tests  to  try  and  locate  the  difficulty: 

(a)  Observe  the  voltmeter  indication,  and  if  with  the  engine  idle 
it  indicates  less  than  11  volts  when  the  lights  are  tumed  off,  the 
battery  is  run  down. 

(b)  If  the  lights  do  not  bum  when  they  are  tumed  on,  there  is 
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probably  a  loose  connection  in  one  of  tlie  wires  f  rom  the  battery. 

(c)  If  the  lights  do  bum  when  they  are  turned  on,  try  turning 
the  ignition  switch  **off"  and  **on"  several  times  and  then  test 
for  ignition  spark  again.  If  the  ignition  now  is  found  to  be  all 
right,  there  was  a  poor  contact  at  the  switch. 

(d)  If  these  tests  and  suggestions  do  not  remedy  the  difficulty, 
there  may  be  a  loose  connection  or  broken  connection  in  the  vari- 
ous  wires  running  to  the  ignition  switch  or  in  the  low-tension 
wires  running  to  the  ignition  unit. 

(e)  If  the  switch  wires  and  all  connections  are  found  in  good 
order,  remove  the  distributor  plate  and  see  that  both  brushes  are 
free  in  their  holder  and  making  good  contact.  Clean  the  brushes 
and  contaets  inside  the  distributor  plate  and  try  again  for  the 
spark. 

(f)  If  these  tests  háve  not  yet  remedied  the  difficulty,  raise  the 
interrupter  cover  and  see  that  the  interrupter  contaets  touch  and 
Reparáte  properly  when  the  segments  come  in  contact  with  the 
fiber  bumper.  If  these  contaets  do  not  close,  if  they  appear  to  be 
dirty  or  if  they  separáte  more  than  .008  inch,  they  should  be 
adjusted. 

It  sometimes  happens  that  the  engine  is  firing  on  all  cylinders, 
yet  it  does  not  develop  its  usual  amount  of  power.  The  difficulty 
is  more  than  likely  due  to  the  spark  being  retarded  too  múch,  or 
tôo  rioh  a  mizture  of  gasoline.  ^ 

If  the  engine  misfires  on  ccrtain  cylinders  at  all  speeds,  the  f  ol- 
lowing  tests  should  be  made  to  determine  the  difficulty: 

(a)  Disconnect  the  spark  plug  terminál  of  any  one  of  the  cylin- 
ders that  misfires  and  hold  the  end  of  the  terminál  about  ^  inch 
f  rom  the  engine  cylinder  but  not  quite  in  electrical  contact,  while 
the  engine  is  turned  over.  If  a  spark  occurs  in  the  gap  betwcen 
the  end  of  the  wire  and  the  cylinder,  the  trouble  is  not  due  to 
the  electric  systém  being  out  of  order  but  in  the  spark  plug,  valves 
or  piston. 

(b)  If  no  spark  is  produced  after  the  above  tests  are  made, 
examine  the  spark  plugs  of  the  cylinders  that  are  missing  to  see 
that  they  are  cleaned,  the  insulator  is  not  cracked  and  that  the 
gap  is  adjusted  properly. 

(c)  If  no  spark  i  s  produced  while  making  tests  in  (a)  the  diffi- 
culty may  be  due  to  the  high-tension  lead  f  rom  the  distributor  ter> 
minal  to  the  spark  plug  being  broken,  the  connector  at  the  dis- 
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tribntor  may  be  loose,  the  wire  may  be  bare  and  touching  somo 
metal  part  of  the  frame  or  engine. 

The  engine  may  misfire  at  either  high  or  low  speéds  only  and  in 
rarh  cases  the  difficulty  is  probably  due  to  the  following  causes. 
If  it  misfires  at  low  speeds,  the  carbureter  Í8  more  than  likely  out 
of  adjostment;  the  plugs  may  be  fouled,  or  the  interrupter  con- 
tacta  may  be  a  little  dirty.  When  the  engine  misfires  at  high 
speeds  only,  the  carbureter  adjustment  is  feeding  too  rich  a  mix- 
tnre  into  the  cylinders,  or  the  interrupter  contacts  may  be  too  f  ar 
apart. 

Baek-firing  of  the  engine  is  not  always  due  to  the  ignition  sys- 
tém bnt  may  be  caused  by  the  spark  being  advanced  too  far  or  the 
engine  being  out  of  time. 


CHAPTER  V 

Heinze-Springfield  System  for  Fords 

THE  Heinze-Springfield  starting  and  lighting  systém  for  the 
Ford  car  is  of  the  two-unit,  B-volt,  single-wire  type.  The 
generátor  and  motor  are  mounted  on  a  special  bracket  attached 
to  the  left-hand  side  of  the  engine,  the  generátor  being  below 
the  motor.  The  generátor  is  driven  by  a  silent  ehain  which 
runs  over  sprockets  on  the  crankshaft  of  the  engine  and  gen- 
erátor shafts  respectively.  The  motor  is  geared  to  the  engine, 
when  used  in  starting,  by  a  Bendiz  drive,  the  pinion  of  which 
meshes  with  a  large  gear  on  the  generátor  shaft  and  the  sama 
silent  chain  that  is  used  in  driving  the  generátor.  One  type 
of  generátor  has  a  bucking  field  type  of  regulation  and  another 
type  has  electromagnetic  regulation. 

Pjreparmlioii  of  Engine  for  Moímting 

Before  dismantling  any  part  of  the  car,  eheck  over  the  biU 
of  materiál  to  make  surc  that  every  part  is  on  hand.  Adjust 
the  ignition  and  carbureter  so  that  the  engine  is  running 
smoothly.  Remove  the  foUowing  parts,  observing  the  precau- 
tions  mentioncd.  Disconnect  the  radiátor  by  removing  bolta 
on  cach  side,  remove  the  rod,  water  conneetions  to  engine  and 
wires  to  the  headlights.  The  water  ontlet  pipe  should  be  dis- 
connected  from  the  hose,  after  the  radiátor  has  been  removed 
and  discarded.  Bemove  the  fan  and  starting  crank,  fan  belt 
and  fan  bracket.  Bemove  the  fan  pulley  from  the  crankshaft 
and  discard  the  pulley  and  pin  and  cotter  pins.  Nezt  remove 
the  timer,  or  commutator,  and  disconnect  the  rod  from  the 
timer  čase.  Plače  the  commutator  čase  back  along  the  side 
of  the  engine  after  it  is  removed,  but  do  not  disconnect  the 
wires.  Bemove  commutator  brush  assembly,  after  noting  čare- 
fully  the  exact  position  of  the  brush,  and  do  not  tum  the  engine 
over  while  the  brush  is  removed.    If  the  brush  is  replaced  eare- 
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fully  in  its  originál  position  when  reassembling,  the  timing  of 
the  engine  will  not  be  altered. 

The  timing-gear  cover,  or  cylinder  front  cover,  now  should 
be  removed,  retaining  all  the  bolts,  the  nuts,  the  gaskets  and 
the  cotter  pins  for  rcplacement  in  mounting  the  main  bracket 
plate  supplied  as  part  of  the  Heinze-Springfield  equipment. 
It  ifl  necessary  to  remove  the  felt  washers  around  the  open- 
ings  in  this  timing>gear  cover  for  the  crankshaft  and  camshaft 
and  plače  them  in  the  corresponding  openings  in  the  new  bracket 
plate  which  is  to  také  the  plače  of  the  cover.  If  the  car  has 
seen  considerable  service^  it  is  advisable  to  replace  these  wash- 
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ers  with  new  ones  to  prevent  a  leakage  of  oil  from  the  crankcase. 
Secure  the  Heinze-Springfield  water-outlet  header,  A  in  Fig. 
58,  in  plače  on  the  cylinder  head  casting,  using  the  originál  Ford 
bolts  and  gasket.  Plače  the  fan-belt  tightener,  A  in  Fig.  59, 
with  the  nose  away  from  the  large  gear  housing,  in  the  slide 
provided  for  it  on  the  main  bracket  plate  B.  Bemove  the  fan 
adjusting  screw  and  locking  nut  from  the  Ford  cylinder  front 
cover  and  use  same^  together  with  the  two  lock  washers,  C,  and 
plain  washers,  D,  to  secure  this  tightencr  as  shown  in  Fig.  59.  Set 
the  main  bracket  plate  in  position  on  the  Ford  engine,  and  bolt 
securely  in  plače,  using  the  originál  Ford  paper  gasket,  cap 
Bcrews,  bolts,  nuts  and  cotter  pin.  Be  súre  to  tighten  all  bolts 
securely  to  prevent  oil  leaks.     Then  bolt  the  main  bracket  plate 
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C  to  the  water  outlet  header  A,  using  the  tno,  3,  boItB,  1,  loek  wäBb- 
en  *Dd  2,  plain  nrashets  as  shown  in  Fig.  58.  The  commutator 
brtuh  aseembl;  and  commutator  now  may  be  replaced,  taking 
partieular  čare  to  put  them  back  in  their  originál  position.  Con- 
neet  the  eomniiitator  advance  rod  back  io  poaition. 

Initallmg  tbc  Electrical  Uniti 

The  combined  generátor  and  štart  i  ng  motor  u  nit  should  be 
pUeed  in  position  on  tbe  main  bracket,  plate  C,  with  the  chain 
adjnating  atud  D  in  plače  on  tbe  electrical  unit,  as  ahown  in 
Fig.    58.      The    chain    adjusling    stu  d    D    should    rest    freely    in 


inkíng  apracket  íor  Helnxe- 
on  on  Ford  car 

tb«  bottom  of  the  elot  at  the  top  of  the  main  bracket  plate  C. 
Assenble  on  thla  ebain  adjusting  stud  D,  plain  washer,  4,  lock 
waiher,  5,  aut,  6,  and  screw,  7.  Be  súre  that  the  shoulder  of  the 
ehaln  adjtiBting  stud  D  is  turncd  up  tight  against  combined  head 
E.  Place  the  lower  adjusting  bolt  F  in  the  alot  provided  for  ít  on 
the  main  bracket  plate  C.  A  Io<^k  waaher,  5,  and  nul.  S,  are  pro- 
vided for  this  bolt,  and  tbey  sbould  be  plaeed  in  their  respective 
poaitions.  Do  not,  however,  tighten  either  the  upper  or  lower 
cbain  adjusting  bolta  at  this  time. 

Wbile  the  electrical  nnit  is  mounted  loosely  in  place,  tbe  chain 
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may  be  installed  in  the  following  manner.  Plače  the  generátor 
shaft  spacer  G  and  the  Woodruff  key,  9,  on  the  generátor  shaft, 
Fig.  58.  AJso  plače  the  gear  and  sprocket  assembly  H  on  the  gen- 
erátor shaft,  80  that  the  large  gear  is  on  the  insidc  toward  the 
naain  bracket  plate  C.  Plače  the  chain  I  around  the  crankshaft 
sprocket  J,  and  also  plače  the  chain  around  the  small  sprocket  now 
on  the  generátor  shaft,  taking  particular  čare  that  the  open  side 
of  the  crankshaft  sprocket  ia 
toward  the  front  of  the  car. 
With  the  two  sprockets  and  chain 
in  this  position,  slide  the  crank- 
shaft sprocket  J  and  gear  and 
sprocket  assembly  H  into  plače  on 
the  crankshaft  and  the  generátor 
shaft  respectively,  taking  čare 
that  the  starting-pin  hole  in  both 
the  crankshaft  and  crankshaft 
sprocket  are  in  alignment.  In- 
sert  the  starting  pin  A,  Fig.  60, 
with  the  counter  bore  f  or  the 
cotter  pin  toward  the  front  of 
the  car.  The  holes  in  the  start- 
ing pin  are  to  align  with  the 
holes  in  the  rear  wall  of  the 
crankshaft  sprocket.  When  the 
two  cotter  pins,  B,  are  in  plače,  it  is  necessary  that  their  ends  be 
bent  over  against  the  rear  face  of  the  crankshaft  sprocket  while 
they  are  held  iip  tight  in  the  holes.  Uniess  they  are  fastened  in 
this  manner,  which  permits  no  end  movement,  their  ends  are  liable 
to  be  broken  off  and  allow  the  starting  pin  to  come  out,  which  would 
roFult  in  very  serious  damage  to  the  cntire  systém.  Tighten  the 
chain  by  the  fillister  head  cap  screw,  7,  in  the  upfier  chain  adjusting 
stiid  D,  Fig.  58,  until  it  is  reasonably  tight  and  securely  lock  the 
unit  in  position  by  the  holding  stud  nut,  6. 

The  chain  covcr  L,  Fig.  58,  next  is  to  be  placed  in  position  and 
should  be  fastened  with  cap  screw,  11,  and  lock  washera,  12,  to  the 
bracket  plate. 

Plače  one  of  the  fan-belt  guards  M  on  the  generátor  sbaft,  with 
the  three  projections  toward  the  front  of  the  car,  then  assemble 
the  fan-belt  pulley,  N,  against  this  guard  anil  coniplcte  fan-belt- 
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pnllej  ass^mbly  irith  the  other  fan-belt  guard  O,  this  tíme,  liow- 
ever,  plaeing  the  three  pro.iections  towarJ  the  r^ar  ot  the  var. 
Thia  aasemblj'  should  be  locked  Becurelv  to  tlie  generátor  shaft 
by  the  use  of  the  plain  waaher,  4,  the-  cBatellaled  nut,  13.     The 


inif  and  If^hllnp 


eotter  pin,  13,  tben  mušt  be  platľed  through  the  end  of  thÍB  shaft 
to  lo«k  this  nut. 

Nezt  instal]  the  motor  rear  atiSening  bracket  P,  Fíg.  58,  as 
follows;  Bolt  the  brarket  I*  loosely  to  the  cylinder  head  with  the 
holt  taken  out  and  also  štart  the  bolt,  3,  Fig.  5S,  faateaing  the 
bracket  to  the  motor  brush  head,  but  do  not  tighten.    First  tightea 
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thť  bolt  on  the  cylinder  head^  thus  connecting  the  bracket  ri^^idly 
to  the  Ford  engine.  Then  tighten  the  bolt  securing  the  brácket 
to  the  motor  brush  head.  Do  not  be  afraid  to  filé  the  bracket  so 
it  wUi   fit. 

Assemble  the  two  half  puUeys,  A  in  Fíg.  61,  over  the  Ford  fan 
jmlley  and  fasten  them  in  plače.  With  this  new  fan  pulley  the 
U'lt  will  run  closer  to  the  blades  than  before.  Mount  the  fan  in 
{>o8Ítion  on  the  main  bracket  piate  C,  Fig.  58,  using  the  originál 
Ford  acrew,  and  adjust  the  fan  belt  B,  over  the  two  pulleys  to  the 
proper  tension. 

The  Bendix  drive  now  should  be  installed  on  the  motor  shaft  as 
shown  in  Fig.  58.  Bemove  the  drive  bolt  of  the  Bendix  unit  and 
plače  the  latter  on  the  starting-motor  shaft;  then  replace  the 
drive  bolt  through  the  hole  in  the  end  of  the  shaft;  and  secure 
it  by  the  lock  washer  and  nut,  taking  čare  to  bend  the  small  pro- 
jection  on  the  special  Bendix  loek  washer  against  the  side  of  the 
Dut.     A  view  of  the  completed  installation  is  shown  in  Fig.  62. 

Before  reassembling  the  radiátor,  put  back  the  hand  starting 
i-rank  as  it  was  originally^  and  turn  the  engine  over  several  times 
to  see  that  everything  turns  free.  Solder  onc  end  of  the  hea4l- 
iight  ground  wire  to  the  inside  face  of  the  radiátor,  bringing 
tbe  wire  out  through  the  holes  provided  for  the  headlight  wiring, 
and  be  súre  to  allow  sufficient  wire  to  reach  to  the  lámp  sockcts. 
Xext  replace  the  radiátor,  and  turn  the  fan  over  slowly  by  hand 
to  determine  whether  the  blades  interfere  with  anything  at  alh 
^ťcnre  the  water  connections  and  refiU  the  radiátor. 

IiiitallatioD  of  Switch  and  Vt^ring 

Bemove  both  the  front  and  rear  floor  boards  from  the  car. 
Abont  an  inch  to  the  right  of  where  the  steering  post  goes  through 
the  dash,  there,  is  a  hole  in  the  toe  board,  which  originally  was 
provided  for  the  Ford  horn  cable.  Bemove  the  toe  board  and 
enlarge  this  hole  to  about  1^4  inches,- which  will  be  used  to  bring 
the  wiring  through  to  the  switch.  Bemove  the  Ford  magneto-to- 
roil  wire,  which  runs  from  the  Ford  magneto  to  the  Ford  coil,  and 
dijtcard.  Bemove  the  present  Ford  switch-to-terminal  wire,  which 
mns  from  the  Ford  lámp  switch  to  the  magneto  terminál  on  the 
roil,  and  discard.  Bemove  all  the  present  Ford  headlight  wiring, 
and  diflcard. 

Také  the  eomplete  wiring  assembly  as  shipped  in  the  13-inch 
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length  of  circular  loom,  and^  with  the  swítch  mounted  in  the  switch 
braeket  connect  the  varioiis  wires,  being  very  careful  to  assemble 
the  proper  terminals  on  the  proper  posts  as  follows,  Figs.  63  and 
64.  Connect  one  large  wire  with  terminál  marked  S  M  on  the  post 
marked  S  M;  one  large  wire  with  terminál  marked  8  B  on  the  post 
marked  S  B.  There  remains  four  small  wires  with  terminals 
marked  C,  M,  L  and  G  N  which  are  to  be  placed  under  the  hciids 
of  the  spring-terminal  posts  bearing  the  corresponding  lettors. 
The  spring-terminal  marked  A  M  is  for  the  ammeter  only. 

By  the  two  switch  bracket  clamps,  fillister  heads  screws  and 
lock  washers,  fasten  the  switch  to  the  dash  of  the  car  slightly  to 
the  Icft  of  the  steering  post  in  šuch  a  position  that  the  hole  in 
the  end  of  the  stay  rod  will  line  up  with  the  Ford  body  bolt.  Re- 
move  nut  from  this  bolt  and  clamp  the  stay  rod  seeurely  in  plaee. 

These  instructions  for  mounting  the  switch  on  the  dash  apply 
to  the  ninabout  and  touring  cars,  and  the  foUowing  instructions 
should  be  followed  in  the  čase  of  the  sedan  or  coupelet.  By  three 
round  head  blued  wood  screws  fasten  the  switch  to  the  dash  of  the 
car,  slightly  to  the  left  of  the  steering  post  in  šuch  a  position  that 
the  hole  in  the  end  of  the  stay  rod  will  line  up  with  the  Ford  body 
bolt.  Remove  the  nut  from  this  bolt  and  clamp  the  stay  rod 
seeurely.  The  stay  rod  is  supplicd  only  for  sedans  and  coupelet 
and  mušt  be  so.specified  when  ordering. 

Extending  through  the  13-inch  piece  of  circular  loom  are  two 
wires,  one  end  of  each  being  connectcd  to  the  spring  terminals 
C  and  M,  Fig.  63,  on  the  back  of  the  switch.  Connect  the  wire 
from  the  terminál  C  to  the  magneto  terminál  on  the  Ford  coil  box, 
and  connect  the  wire  from  the  terminál  M  to  the  magneto  eontaet 
on  the  íly  wheel  housing.  These  two  terminals  formerly  were 
connected  diroctly  together  by  the  magneto-to-coil  wire. 

On  the  back  of  the  switch  the  spring  terminál  marked  G  N 
is  to  be  connected  to  the  upper  generátor  bruah  by  the  special 
braided  wire.  This  is  a  special  resistanec  wire,  and  no  other 
should  be  substituted.  The  heavy  wire  connected  to  the  post 
marked  8  M  on  the  back  of  the  switch  should  háve  its  other 
end  connected  to  the  upper,  or  positive,  brush  of  the  starting 
motor.  The  wire  connected  to  the  spring-terminal  post  marke*l 
Li  is  to  be  connected  to  the  headlights  and  tail  light.  This  wire 
should  be  secured  to  the  car  frame  at  several  convenient  pointa 
to  keep   it  free   from   oil  and   prevent   chafing  and   conseqnent 
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grounding  of  the  lighting  circuit.  Wires  are  provided  for 
grounding  one  side  of  eaeh  of  the  hcadlights  and  the  tail  light. 
Wheii  single  contact  lamps  are  used  or  if  the  socket  is  grounded, 
these  ground  wires  are  not  required.  The  internal  connectiona 
of  the  systém  given  in  Fíg.  63  is  shown  in  Fig.  64. 

Battery  InstallatioD  and  Coímectioii 

The  battery.  box  should  be  installed  on  the  right-hand  run- 
ning  board,  midway  between  the  front  and  rear  fcnders,  partieu- 
lar  attention  being  taken  to  see  that  it  does  not  interfere  with 
the  opcratiun  of  the  doors  and  at  the  samé  time  offers  a  mini- 
mum obstruotion  to  getting  in  or  out  of  the  car.  In  the  bottom 
of  the  battery  box  are  six  holes,  the  four  inside  holes  being  pro- 
vided for  the  four  carriagc  bolts  to  hold  the  battery  box  on  the 
running  board  and  the  two  outsidc  holes  for  the  two  battery 
hold-down  rods  which  hold  the  storage  battery  securely  in 
plače.  Six  eorresponding  ^^-inch  holes  mušt  bc  drilled  in  the 
running  board  to  agree  with  these  six  holes  in  the  bottom  of 
the  battery  box.  Plače  the  two  wooden  pads  inside  the  battery 
box  and  the  two  steel  pads  under  the  running  board,  and  clamp 
them  all  together  by  the  carriage  bolts.  Plače  the  storage  bat- 
tery in  the  box,  with  the  positive  terminál  toward  the  rear  of 
the  car,  and  fasten  it  in  plače  by  the  hold-down  rods,  which 
are  hooked  over  the  handles  and  bolted  on  the  under  side  of  the 
running  board.      After  you  háve  done  this  proceed  as  follows. 

At  a  point  midway  between  the  two  wire  holes  in  the  battery 
box,  pry  down  a  part  of  the  running-board  apron,  or  splash 
board,  with  a  large  screwdriver  or  pinch  bar,  to  provide  suffi- 
cient  space  between  the  upper  edge  of  the  running-board  apron 
and  the  bottom  of  the  body  for  the  4-inch  piece  of  circular  loom 
through  which  the  battery  cables  are  to  pass. 

Remove  the  upper  right-hand  bolt  holding  the  transmission 
čase  cover  in  plače  and  assemble  under  this  bolt  the  starting- 
cable  clamp.  From  the  post  marked  S  B  on  the  back  of  the 
switch,  Fig.  63,  run  the  positive  battery  cable  to  the  battery, 
placing  it  under  the  starting-cable  clamp,  already  mounted  on 
the  transmission  čase.  Pass  the  cable  through  the  circular  loom 
placed  between  the  running-board  apron  and  the  bottom  of  the 
body  through  the  hole  in  the  battery  box  to  the  positive  terminál 
of  tho  battery.    Do  not  fasten  this  terminál  to  the  battery  uutil 
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the   inetallation   is  all  complete  and  you  are  ready  to  test  for 
flhorts  and  grounds. 

Remove  the  two  lowest  bolts  Írom  the  transmisslon  čase 
cover,  and  clean  the  transmisslon  čase  cover  at  this  point  with 
a  pieee  oí  sandpaper  or  emery  cloth  to  insure  a  good  electrical 
contact  at  this  point.  Under  these  bolt  heads  assemble  the 
brasa  groand  strip  attached  to  the  plece  of  heavy  cable.  Run 
the  other  end  of  this  piece  of  cable  through  the  short  piece 
of  circular  loom,  through  the  hole  in  the  battery  box  to  the 
negatíve  terminál  of  the  storage  battery  and  fasten  it  securely 
to  the  battery  terminál.  With  all  switches  open  touch  the 
positive  battery  cable  to  the  battery  terminál,  and  if  no  spark 
occnrs  when  this  contact  is  broken,  make  the  connection  per- 
manent.  If  a  spark  occurs  locate  the  trouble  before  making 
a  permanent  connection. 

Dash  Switch  and  Hont 

The  dash  switch  is  designed  to  control  cranking,  lightíng  and 
ignition.  It  also  embodies  a  mechanical  cutout,  whieh  opens  the 
circttit  when  the  engine  is  stopped,  preventing  a  dischargo  of  the 
battery  through  the  generátor  winding.  The  button  in  the  center 
of  the  switch  controls  the  cranking  motor,  and  the  switch  rotates 
and  makes  the  following  connections:  First,  ignition  on,  lights 
off;  secondy  ignition  on,  lights  dim;  third,  ignition  on,  lights 
bríght;  fourth,  ignition  on,  lights,  dim;  fifth,  all  circuits  open. 

When  the  switch  is  in  the  position  of  lights  dim,  ignition  off, 
or  in  the  off  postion,  the  starting  button  is  locked,  and  the 
remainder  of  the  switch  may  be  locked,  to  prevent  cranking 
with  the  ignition  off  and  also  to  prevent  tampering.  The  switch 
mušt  always  be  in  an  off  position  when  the  engine  is  stopped, 
otherwise  the  battery  will  discharge  through  the  generátor  wind- 
ing. The  Ford  ignition  switch  should  be  placed  in  the  on  position 
and  allowed  to  reinain  so  at  all  times.  The  cowl  light  is  controlled 
by  tuming  the  lever  on  the  side  of  the  light  itself.  The  dim- 
ming  of  the  lights  is  accomplished  by  placing  a  resistance  in 
serieš  with  the  lamps. 

The  hom  equipped  on  the  Ford  car  is  operatcd  by  alternating 
carrent  supplied  by  the  Ford  magneto.  This  horn,  however,  may 
be  used  without  interfering  in  any  way  with  the  Heinze-Spring- 
field  equipmenti  but  it  cannot  be  operated  by  the  storage  bat- 
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tety.  The  user,  if  ilcsired,  may  install  a.  ilircrt-currcnt  horn, 
which  can  be  operatol  Írom  the  battcry  anil  ihould  be  eonnectcd 
as  showQ  in  Figa.  tí'J  and  64. 

Placc  tho  Hpark  and  throttlc  Icvcrs  io  tho  uaual  starting  poai- 
tion,  Bud  be  surí;  the  brake  lover  13  in  thc  propcr  poHÍtion  ao  tho 
engine  is  not  ciinnoťlcii  niui-hanically  to  the  ri-nr  axle.  DeiircÄB 
thc  HtartiDK  button  in  thc  center  oí  the  eonibination  swilrh,  and 
the  motor  should  štart  tii  revolve.  The  rotation  ot  the  motor 
armatúre  will  eause  the  Retidix  drivc  pinion  to  be  earried  alon); 
tho  threadcd  ahaft  úpon  wliirh  ít  is  mounted  untii  it  engages  tho 
tielh   on   the   large   driving   gcar   iu   Fíg.   G2.      Aftcr   the  pinion 
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and  Kear  are  engaged  thc  Marting  motor  is  conneeted  mechanic- 
ally  to  the  engine  and  will  cauae  thc  rranltabafl  to  rotate.  If 
thc  engine  doea  not  atart  in  h  few  aei-ond^,  utop  the  starting 
motor  and  primo  thc  cylindera,  or  tlie  chuking  devire  may  bo 
used  U'ith  thc  starting  motor  in  oporation.  8hould  the  engine 
atill  fnil  to  atart,  ínvcKtigatc  tho  cause,  as  othcrwisc  thc  bat- 
tery  will  be  cxhaustcd  needlcsaty.  Frequcnt  dÍ!>iľhargíng  of  tho 
storagc   battcry   in   this  way   very   appreciahly   aliortena  ita  life, 

Wlicn  thc  switľh  is  thrown  to  any  "ignition  on"  poaitíon  the 
amnietcr  should  show  a  dis.harge  of  14  to  20  ampcrea.  Ab  tho 
engine  begina  to  riitate  tlie  nnmieter  neŕillc  will  awing  toward 
thc   right,   indicatiiig   that   thc  generátor   ia   opcreting   properly. 

The  bnll  bcaringa  on  wliich  the  armatúre  of  thc  generátor 
rotalcs  should  bo  oilcd  with  a  light  non-acid  oil  about  every  400 
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miles.  The  motor  armatúre  rotates  on  two  white  metal  bearings 
and  these  should  be  oiled  at  the  samé  time  the  generátor  bear- 
ings are  oiled.  Be  careful  in  oiling  the  bearings  not  to  allow 
any  dirt  to  enter  with  the  oil  as  this  would  cause  the  bearings 
to  grind.  The  Beudix  drivc  should  never  be  oiled.  AU  grease 
and  dirt  which  niay  accumulate  should  be  wiped  off  occasioually 
and  the  threads  thoroughly  cleaned  with  keroscne. 

When  the  systém  iirst  is  iustalled  the  chain  should  be  ad- 
justed  fairly  tiglit,  aud  the  chain  should  be  examined  through 
the  holes  in  the  chain  cover  after  the  car  has  been  run  about 
KMi  miles.  The  chain  duubtiess  will  be  loose  and  shouhl  bo 
tightened,  and  this  ins])ectiou  and  adjustnieut  repeated  about 
ťvery  300  or  400  miles.  The  chain  may  be  tightened  by  first 
looseuing  the  motor  stiffeniug  bracket  at  3,  Fig.  58,  and  also  the 
upper  and  lower  locking  nuts,  6.  By  turning  the  íillister  head  cap 
screw,  7,  which  is  mountod  in  the  chain  adjusting  stud  D,  tighten 
the  chain  to  the  i)ropcr  tension  and  lock  the  unit  in  plače  by  tight- 
ening  the  upper  and  lower  locking  nuts  and  the  stiffening-brackct 
bolt. 

Refill  the  storage  battery  about  once  a  week,  especially  during 
the  summer,  with  distillcd  water.  Inspect  the  terminals  occa- 
síonally  and  keep  them  thoroughly  clean  from  any  corrosion  of 
any  kind.  Baking  sóda  and  water  may  be  used  in  cleaning  the 
terminals,  as  it  will  cuunteract  the  acid.  Do  not  allow  the 
battery  to  stand  in  a  discharged  condition,  especially  in  cold 
weather,  as  it  is  very  likely  to  freeze  and  burst  or  crack  the 
containing  jars. 

Adjusting  Generátor  Output 

The  regulation  of  the  cutout  of  model  33  generátor  is  ac- 
complished  by  a  reverscd  or  differential  serieš  íield.  The  mag- 
netic  action  of  this  series-field  winding  opposcs  the  magnetic 
action  of  the  shunt  íield  winding  and  thus  prevents  the  output 
increasing  with  inrrease  of  engine  speed  as  rapidly  as  it  would 
if  this  action  wcre  not  prcsent.  Sometimes  it  is  necessary  to 
increase  the  output,  or  charging  rate,  an<l  this  can  be  done  by 
shunting  or  by  passiiig  part  of  the  current  out  of  the  serieš 
field  winding  and  thus  causing  less  magnotic  opposition  to  the 
dhunt  ficld  winding.  One  end  of  the  serieš  field  is  grounded 
and  the  other  end  is  connected  to  the  lower  brush  holder  on  the 


AUTOMOBILE  ELECTRICAL  ^SYSTEMS 


HEINZESPBINGFIELD  SYSTEM  FOR  FORDS  97 

generátor,  which  is  the  bottom  machine.  By  grounding  the 
lower  brush  holder,  both  ends  of  the  serieš  fielrl  will  be  coii- 
neeted  to  the  frame  of  the  machine,  permitting  the  greater 
part  of  the  currcmt  to  pass  through  the  frame.  The  connec- 
tíons  of  the  series-field  winding  are  shown  in  Fig.  64. 

The  bnish  may  be  grounded  as  follows:  Remove  the  brush 
ťover  and  the  brush  screw,  7  x  13,  Fig.  65,  with  the  metal 
and  fiber  washers,  2x8,  and  2  x  10,  respectively.  Now  re- 
move the  fiber  washer,  2  x  10,  from  the  screw  and  replace  the 
screw,  7  x  13,  and  metal  washer,  2x8,  screwing  samé  down 
tightly.  If  all  other  conditions  are  normál  the  charging  rate 
should  be  inereased  from  5  to  10  amperes. 

The  wiring  diagram  given  in  Fig.  66  shows  a  generátor 
equipped  with  an  electromagnetic  cutout  and  having  electro- 
magnetie  regulation.  The  internal  connections  of  this  systém 
are  shown  in  Fig.  67.  If  you  are  convinced  that  the  troublo 
yoa  are  having  is  in  the  regulátor  its  adjustment  may  be  taken 
eare  of  as  follows:  Connect  a  reliable  ammeter  in  serieš  with 
the  ammeter  installed  on  the  cowl  board  to  be  used  in  checking. 
Looking  at  the  regulátor  from  the  side  on  which  the  wires  are 
connected  to  the  terminals^  the  set  of  silver  contact  points  on 
the  near  side  are  for  regulating  the  value  of  the  charging  cur- 
rent  from  the  generátor;  these  points  are  called  the  regulating 
eontacts.  The  other  set  are  the  cutout  contacts,  which  close  and 
open  the  circuit  between  the  generátor  and  the  battery.  First, 
make  súre  that  the  two  sets  of  contacts  are  clean  and  smooth; 
seeond,  determine  if  the  regulating  contacts  are  closed.  If  thesc 
contacts  are  not  closed,  bend  down  slightly  the  ear  on  the  thin 
brasa  plate  to  which  the  fiat  steel  spring  is  attached.  The  cut- 
out contacts  should  háve  enough  spring  tension  to  make  them 
stand  open  when  the  engine  is  not  running,  and  the  spring 
tension  should  be  so  adjusted  that  when  the  engine  is  running 
at  a  speed  equivalent  to  7  or  8  miles  per  hour  the  contacts  will 
close,  and  the  ammeter  should  indicate  a  chargé.  If  ammeter 
shows  discharge  when  contacts  close,  it  is  an  indication  the 
contacts  are  closing  too  soon  and  the  spring  tension  should  be 
inereased. 

The  regulátor  contacts  are  adjusted  by  bending  the  ear  of 
the  thin  brass  supporting  plate  to  which  the  Hat  spring  is  at- 
tached. To  increase  the  current  output  of  the  generátor,  bend 
down  the  thin  brass  plate,  and  to  deerease  the  current  bend  the 
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tliin  brans  plate  upward.  In  the  majority  of  cases,  if  the  regu- 
látor is  80  adjusted  that  15  amperes  is  the  greatest  current  the 
generátor  will  deliver,  satisfactory  results  will  be  obtained. 
In  some  extréme  cases  the  rate  may  háve  to  be  increascd  to  aa 
mach  as  20  amperes. 

These  suggestions  apply  to  the  model  33  generátor  with  a 
bueking  field  regulation.  If  the  type  of  generátor  having  elcc- 
tromagnetic  regulation  is  used,  tl^e  following  suggestions  should 
be  observed  in  addition  to  the  above:  Inspect  the  cutout  to  see 
that  it  opens  and  closes  the  circuit  at  the  propcr  time  so  that 
the  battery  immediately  starts  to  chargé  as  soon  as  the  circuit 
closes  and  the  rate  of  discharge  justbeforc  the  cutout  opens 
sbould  not  exceed  two  amperes.  The  regulátor  should  be  in- 
specteil  occasionally  to  see  that  its  contacts  arc  elean  and  that 
the  battery  is  being  charged  at  the  proper  rate. 


Not  Cranking 


Cranks  Slow 


LoGating  Troubles 

''Battery  discharged 
Shorted  celí 
Dirty  or  rusty  Bendix 
Broken  Bendix  spring 
Short  or  open  in  fields 
Short  or  open  in  wiring 
Short  or  open  in  armatúre  coils 
Short  or  open  in  coramutator  bárs 
Short  or  open  in  connection 
Short  or  oi)en  in  switch 
Weak  springs 
Brushes  burnt 
Brushes  short 
Water  or  oil  soake.l 

Battery  gravity  low 

Loose  or  corroded  terminals 

Cold  weather 

High  resistance  at  brush  contacts 

Starting  switch  making  poor  cou- 

tact 
Spring  tension  weak 
Brushes  not  fitted  to  commutator 
Pig  tails  loose 
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Lights  Dim — 
Battery  Low 

Lights  Dim — 
Engine  Running 

Flickcring  Lights 

Some  Lamps  Bright 
and  Some  Dim 


Ammeter 

shows  no 

chargé 

with  e  n  gin  o 

running 


Brushes 


Field 


Armatúre 


Low  amps. 


{Internal  leakage 
External  leakage 

{No  water  in  battery 
Battery  sulphated 

{Generátor  inoperative 
Loose  connections  in  wiring 

r  Wrong  voltage  of  lampa 
"j^Poor  ground — ^wire  too  email 

^Poor  ground 
Carbon  dust — ground 
Binding  or  twisted 
Too  short  or  twisted 
Not  fitted  to  commutator 
Poor  tensipn  on  springs 
Pig  tails  loose 
High  resistance  contacta 

Open 

Shorted 

Chafed 

Loose  connections 

Burnt  out 

Poor  ground 

Oil  or  water  soaked 

^011  or  grease  on  commutator 
High  commutator  bárs 
Low  commutator  bárs 
Shorted  commutator  bárs 
Poor  soldering  of  Bárs 
Shorted  coils 
Open  coils 
Armatúre  nibbing  pôlea 

Í  Generátor  lead  grounded 
Positive  brush  grounded 
Brushes  not  seated  on  commutator 


CHAPTER  VI 

Everready  System  f  or  Fords 

THE  Ererready  starting  and  lighting  systém  f  or  the  Ford  car  is 
a  8ingle-unit,  single-wire,  12- volt  systém.  The  combined  gen- 
erátor and  starting  motor  unit  is  mounted  on  a  bracket  attached 
tc  the  front  of  the  car,  and  the  shaft  of  the  unit  assumes  the  posi- 
tion  normally  occupied  by  the  hand  crank.  The  mechanical  con- 
neetion  between  the  shaft  of  the  electrical  unit  and  the  crank- 
fthaft  of  the  engine  is  so  constructed  that  the  armatúre  is  driven 
at  engine  speed  when  the  unit  is  acting  as  a  generátor,  and  the 
armatúre  rotates  4.3  times  as  fast  as  the  crankshaft  of  the  engine 
when  the  unit  is  being  operated  as  a  starting  motor.  The  starting 
Fwitch  is  mounted  in  the  housing  of  the  unit  and  is  operated  elec- 
tňtally  by  an  electromagnet  which  in  turn  is  energized  by  moving 
the  spark  lever  on  the  steering  column  to  a  full  retard  position, 
thos  elosing  the  circuit  of  the  electromagnet  at  a  special  switch 
mounted  on  the  steering  column. 

The  operation  of  the  starting  switch  closes  the  serieš  circuit 
through  the  electrical  unit,  opens  the  shunt  circuit  of  the  gener- 
átor field  and  also  pulls  a  pawl  into  engagement  with  the  ratchet 
tf'eth  arranged  around  the  outside  of  the  gearcase,  thus  causing 
the  unit  to  act  as  a  starting  motor,  and  connected  to  the  engine 
with  a  reduction  of  4.3  to  1.  As  soon  as  the  pressure  is  removed 
from  the  retarded  spark  lever,  the  circuit  of  the  starting-switch 
electromagnet  is  broken,  the  serieš  connection  is  broken,  the  pawl 
is  removed  from  engagement  and  ihe  shunt  field  winding  is  con- 
nected. When  the  engine  reaches  a  speed  equivalent  to  approxi- 
mately  11.5  miles  per  hour  on  high  gear,  the  cutout  will  dose  and 
fonnect  the  generátor  to  the  battory,  which  should  immediately 
Márt  to  chargé.  The  cutout  is  located  inside  the  housing  of  the 
electrical  unit.  A  separáte  set  of  brushes  is  provided  for  the 
generátor  and  motor  f unctions. 
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Remove  the  nuts  Írom  the  spring  clips  holding  the  front  spring 
to  the  frame'cross  membcr.  The  two  nuts  on  the  front  of  each  of 
the  spring  elíps  are  to  be  discarded,  but  the  two  nuts  on  the 
rear  of  the  spring  clips  will  be  used  again. 

Drive  both  spring  clips  down  so  that  there  will  be  sufficient 
space  between  the  spring  clip  and  lowcr  leaf  of  the  front  sjíring 
to  permit  the  eaŕs  of  the  supporting  bracket  brace  to  be  inscrted. 
Be  careful  not  to  in  jure  the  screw  thread  on  the  spring  clips  while 
driving  them  down. 

Také  the  assembled  supporting  bracket  with  its  brace,  and 
loosen  up  the  nuts  on  the  two  ílat-head  bolts  so  ttiat  the  braco  is 
free  to  move.  Then  inscrt  first  oue  ear  of  the  brace  between  the 
spring  clip  and  the  lowcr  Icaf  of  the  front  spring,  and  after  ono 
<'ar  ia  in  position  it  will  be  an  easy  matter  to  slide  the  brace 
baok  and  put  the  other  ear  in  plače.  Then  drive  the  spring 
clips  back  into  their  originál  position,  being  careful  to  insert 
the  front  threaded  ends  of  the  spring  clips  into  their  respectivo 
holes  in  the  supporting  bracket. 

Plače  lock  washers  over  the  rear  threaded  ends  of  the  spring 
clips  and  put  back  the  nuts  that  wcre  on  originally.  On  the 
front  threaded  ends  of  the  si)ring  clips  plače  the  roctangular 
spring  clip  lock  plates,  after  which  the  new  spring  clip  clanip 
nuts  are  to  be  screwed  on  to  the  front  threaded  ends. 

Tighten  up  all  four  nuts,  being  careful  that  they  are  drawn 
up  uniformly.  It  would  be  best  to  tighten  them  up  one  turn  at 
a  tíme.  Be  súre  that  the  spring  clips  tighten  the-  supporting 
bracket  brace  uniformly.  Do  not  let  one  corner  of  the  spring  clip 
do  aU  the  work.  While  tightening  up  the  nuts,  see  that  the 
front  of  the  supporting  bracket  is  square  and  perpendicular;  after 
the  nuts  are  thoroughly  tightened,  the  lock  plates  should  be 
turned  up  to  prevent  the  front  nuts  froni  looseuing.  The  rear 
nuts  will  be  taken  čare  of  by  the. lock  washers  that  wcrc  put  on. 

The  lock  plates  for  the  front  nuts  shouM  be  so  placed  that  one 
side  lies  even  with  the  ílat  sidc  of  the  supporting  bracket.  This 
will  prevent  the  plate  froín  turning.  Then  turn  up  one  corner  of 
the  lock  plate  against  the  ílat  side  of  the  hexagonal  nut.  This 
in  turn  will  keep  the  nut  from  turning.  If  there  are  poor  thrcads 
on  any  of  the  spring  clips,  it  would  be  wise  to  replace  šuch  de- 
fťctive  spring  clips  with  now  oncs  having  perfect  screw  threads. 
Be  súre  that  all  nuts  are  tight. 
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Aftt>r  thp  spring  elíps  arc  <lrawn  up  homp,  tighten  up  thc  nuts 
mi  the  Hat  hťail  avrcwi.  This  will  complfto  the  operatioa  of  in- 
elalling  the  Hupporling  brai'het. 

Xcxt  install  the  coupling  shaft  iinit  rompoBeil  of  psrta  A,  B, 
C  aad  D,  Fig.  69.    luicrt  the  coupUng  aleeve  D  in  front  ot  ŕan 
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pullpT  and  tum  it  untií  the  crankshaft  atarling  pin  engagcs  with 
'lot  in  the  sleeve.  Neitt  iiiaert  tlie  couiiling  shaft  D  through  the 
hole,  from  which  the  ol<l  hanij  crank  and  buahing  wcre  rcniovod, 
ontil  it  protruilea  through  tlio  rear  about  an  inch,  Then  reach 
Jown  behÍDil  the  radiátor  and  aiip  the  apríng  rctaíncr  B  over  the 
■qaare  enil  of  the  coopling  shaít.  Slíp  eoupHng  apring  C  over  the 
protradiug  aquare  en<l  of  the  coupling  shaft  and  pueh  tho  ahaft 
inirsrd  ontit  the  aquare  end  of  the  coupling  shaft  cngagoa  wlth 
the  square  hole  in  the  foupling  sleeve  D  already  in  plače.  Tho 
lompleted  operation  is  shown  in  Fig.  70. 

butalliDg  Electrícal  Unit 

Bemove  the  three  eap  ecrews  from  the  back  of  the  electricol 
unit,  Yig.  69.  One  of  these  acrcws  ia  at  either  slde  and  one  at 
the  bottom.  Place  the  electrical  unit  in  positlon  ao  that  the 
(latch  end  of  the  ehaft,  Fig.  71,  v/M  engage  wilh  the  clutch  end 
ní  the  coupling  shaft.  The  three  holes  in  the  electrical  unit  from 
whieh  the  acrews  were  taken  should  line  np  with   tbc  hoies  in 
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tlie  supparijng  brachrt  shown  in  Fig.  71.  When  the  electrical 
uiiít  is  in  placŕ,  inaert  the  two  side  cap  scrcws  anil  turn  them  up 
Ii);ht  cnough  to  hold  the  uoit  in  plavc  for  the  time  being.  Thm 
iiiaert  the  rcmaiiiing  screw  in  the  samé  manner  through  the  hole 
iioar  the  lower  oml  of  the  brac)iet. 

The  ni'it  oporation  is  to  aee  that  the  coupling  ahaft  A  ia 
lliiľj  up  as  near  the  center  aa  possible  in  the  hole  tbrough  which 
it   pasfiea.     Baise  or  lower  the  adjuating  sorew  until  the  propcr 

r'  " 


:iľ>;:iiiiiľiit  Js  s.'.-iirľ<1.  Wliťn  cnupliiig  Hhaft  ia  eentered  prop- 
erlv,  nrrrw  ii]i  tlie  lo.'k  iiiit  on  the  ailjusting  acrew  and  th<-u 
piTtiianently  ti;;bten  up  the  two  side  cap  screwa  and  the  serew 
near  the  tiotlimi  at  (lie  hark  oí  the  aupporting  bcachet.  Remove 
the  woodpn  pliig  in  the  li.>:iii  of  the  cloctriral  unil  and  »crew  the 
Krcanľ  eiip  iii  p)n''C.  Fill  the  cup  with  greaae,  acrcw  ít  down 
on<'e  an.l   n'lill. 

butallinK  Stonge  Battery 

The  Hbcet   metnl   battery   boí   nhould  bc  placcd   on   the  right- 
band  runniiiK-lioaril,  liaviiiK  Ibe  aiiU-  wilh  the  lovk  facing  outward. 
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The  box  Í8  to  be  placcd  as  near  as  possible  to  the  body  of  the 
rar,  beiiig  centrally  located  between  the  fóre  and  rear  doors,  so 
that    both   doors   will  clear  the  box  when  the   cover  is  raised. 
When  properly  placed,  indicate  holes  to  bo  drilled  in  the  run- 
cijt^  board  by  spotting  through  the  holes  in  the  battery  box  with 
a  piece  of  chalk.     Then  remove  the  battery  box  and   drill  the 
holes  in  accordance  with  the  chalk  marks^  but  make  súre  that 
the»e  holea  are  the  samé  size  as  the  holes  in  the  battery  box 
itaelf.     Beplace  the  battery  box  on  the  running  board  and  insert 
the  two  unglazed  porcelain  insulators.    Place  the  battery  in  the 
battery    box,   makiug   súre   that   the    terminals    are   toward    the 
iHxty  of  the  car.     Also  make  súre  that  the  battery  is  located 
ťentrally  in  the  box,  so  that  it  does  not  touch  the  porcelain  in- 
sulators.     Insert    the    threaded    ends    of    the    hold-down    hooks 
throagh   the  holes  in  the  battery  box  and  through  the   drilled 
holes  in  the  running  board  and  see  that  the  hooks  engage  in  the 
reeess  provided  for  this  purpose  in  the  sides  of  the  battery  han- 
tiles.    Then  from  underneath  the  running-board  place  washers  over 
the  threaded  ends  oi  the  hold-down  hooks  and  tighten  up  with 
nnts.     The  manufacturers  recommend  placing  a  small  hardwood 
bloek  over  the  threaded  ^nd  of  the  hold-down  hooks  underneath 
the  running-board  before  applying  the  washers  and~nuts. 

Inatallmg  Wiring  to  the  Unit 

The  negative  cable  E,  Fig.  69,  is  to  be  connected  with  the 
negatíve  battery  terminál  and  the  negative  cable  protruding  from 
the  electrical  unit  F.  To  accomplish  this  proceed  as  follows: 
See  that  the  lead  plugs  on  the  cable  and  the  lead  terminals  on  the 
storage  battery  are  cleaned  properly  and  coated  with  a  thin  film 
of  vaseline.  When  this  is  done,  insert  the  small  end  of  the  cable 
through  the  forward  unglazed  insulator,  run  the  cable  up 
over  the  rod,  connecting  the  two  running  boards  and  from  there 
foHow  the  f  ráme  underneath  the  mud  guard  as  shown  in  Fig.  72. 
This  eable  is  held  in  place  by  two  clips  provided  for  this  pur- 
pose. The  clips  are  to  be  fastencd  underneath  the  chassis  side 
member  by  two  nuts  located  as  indicatcd  in  Fig.  72.  This  lug 
end  of  the  cable  now  is  to  be  placcd  over  the  negative  terminál 
post  of  the  battery. 

The  next  operation  is  to  connect  cable  E  with  the  short 
eable  I.    To  do  this  pass  the  cable  up  over  the  front  cross  mem- 
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ber  as  shown  in  Pig.  71,  over  the  strut  until  it  meets  the  longer 
rable.  Fastea  both  cables  togcthor  by  tigblening  up  the  (^oupling 
Dut  an<l  then  Ľarefiilly  tape  the  joint  to  prcvent.the  possibility  of 
a  short-circuit. 

Inifalling  Mastcr  Swttch 

Thé  master  gwitcb  ia  to  be  inatalled  oa  the  Bteering  colonm  as 
uear  to  the  ateering  wheel  ae  pogaible,  Fig.  73.    In  čase  tbe  horn 
push   button  interferes,  lower  its  positiOD  aa  ia  the  úgute.     The 
maater  switch  proper  ía  in- 
f  1      stali  ed    by    faatening    the 

f  !       tlanip   around   the   ateering 

Íľoluian  and  acrenring  it  up 
tight  vitb  nut  and  boit  pro- 
viiled  for  thia  purpose. 
I  Next  nin  the  wire  down  the 
uiider  side  of  the  Bteering 
tulumn,  and  paas  it  Ihroiigh 
the  hole  in  the  floor  boaŕd. 
(.'ontinue  the  wire  dawn  the 
under  aide  of  tbe  ateering 
eolumn  to  the  left-band  aiile 
of  the  chassis,  run  it  for- 
•      _  I       ward  along  the  chassis  and 

make     connection     by     the 
acrew  and  nut  provided  to 
tbe  amall  terminál  protrud- 
e  cablc.     After  making  the  con- 
it  ahoTt-circuit. 


Fig.  73 — Localion  of  the  n 


ing  from  the  aide  of  the  negati 
nection,   tape  carcfully   to   prcv< 


Lightíng  Switch  and  Wiríng 

Install  the  lighting  awitch  on  the  heel  board  in  position  aa 
shonn  in  Fíg.  72.  Drill  a  hole  in  the  floor  board  large  enougb  for 
the  insertion  of  the  glazed  porcelain  insnlator.  Tfais  hole  should 
be  drilled  betwcen  the  inncr  side  of  the  body  and  the  outaide  of 
tbe  aide  member  of  the  chaaaia  and  aa  far  back  aa  possible,  nllow- 
iog  Bufficient  clearance  for  tbe  wires  to  enter  the  awitch.  In- 
«ert  the  glazed  porcelain  inaulator  through  the  drilled  bôle,  bav- 
bg  the  head  above  the  floor  board.     Ncxt  drill  two  holes  in  the 
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vertical  board  bo  that  the  switch  may  be  attached  centrally  above 
the  porcelain  iiisulator.  The  switch  alao  niust  be  placed  hif(h 
cnough  up  on  the  vertical  board  to  permit  of  easy  aecess  for 
wires. 

In  čase  the  car  has  a  bead  running  across  the  bottom  of  the 
vertical  board  which  fits  the  groove  in  the  back  of  the  switch, 
make  súre  that  the  use  of  this  bead  as  a  guide  does  not  locatc 
the  switch  too  low.  After  the  holes  háve.  been  drilled  in  the 
vertical  board  také  off  the  outside  nut  and  washer  from  both 
attaching  screws  in  the  back  of  the  switch.  Do  not  remove  the 
rcmaining  lock  nut.  Now  insert  the  screws  through  the  holes 
in  the  vertical  board,  having  the  switch  handle  pointing  upward. 
Lift  up  the  seat,  which  will  permit  you  to  reach  down  and  replace 
the  washers  and  nuts  on  attaching  screws.  When  the  switch  is 
firmly  in  placc,  remove  the  cover  to  make  the  wire  connections. 

Select  the  small  wire  with  lead  terminál  and  run  the  small  end 
down  through  the  forward  unglazed  porcelain  in  the  battery  box, 
which  holds  the  large  negative  cable.  Plače  the  lead  terminál 
of  this  small  wire  over  the  battery  negative  terminál  and  on  top 
of  the  negative  cable  lug,  after  which  fasten  it  in  position  with 
the  screw  previously  removed  from  the  battery  terminál.  Now 
run  the  small  wire  up  along  the  chassis  and  draw  it  across  to  the 
Icft-hand  side  of  the  car  where  this  wire,  together  with  the  taped 
group  of  lighting  wires,  is  to  be  pushed  up  through  the  glazed 
porcelain  insulator  in  the  íloor  board  preparatory  to  being  at- 
tached to  the  various  tcrminals  in  the  switch. 

Fasten  the  terminál  of  the  wire  coming  from  the  battery  un- 
der  the  head  of  the  screw  of  the  terminál  post  in  the  upper  row, 
which  is  conneotcd  to  the  wide  curvcd  brass  connecting  strip. 

The  next  operation  is  to  connect  the  terminals  of  the  four 
wires  which  lead  to  the  headlights,  sidelights,  taillight  and  coil 
box.  It  will  be  noted  that  each  of  these  wire  leads  has  a  letter, 
T,  I,  H  and  8  respectively.  The  lower  row  of  terminals  in  the 
switch  box  havo  eorresponding  letters  to  guide  you  in  making  the 
corrcct  connections. 

The  first  wire  protruding  singly  from  the  taped  group  is  to  be 
counoeted  with  the  taillight.  To  accomplish  this,  run  the  wire 
along  the  left  side  of  the  chassis  to  the  taillight  as  shown  in  Fig. 
72.  If  the  taillight  has  a  two-wire  socket,  the  extra  wire  coming 
from  the  socket  should  be  grounded.    The  remainlng  wires  should 
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he  brought  forward  along  the  side  member  of  the  chassis  and  fast- 
«*Ded  perznanentiy. 

The  long  wire,  having  double  branch  wires  with  large  loop 
ends,  is  for  eonnection  to  the  headlights.  Pass  this  wire  along 
the  left  side  of  the  chassis^  Fíg.  72.  The  fírst  pair  of  branch 
wires  are  to  be  connected  to  the  socket  at  the  baek  of  the  left 
headlight  and  the  loop  is  to  be  grounded  under  the  nut  which 
holds  down  the  left  side  of  the  radiátor.  The  second  pair  of 
branch  wires  is  to  be  attached  to  the  right  headlight  socket  in 
the  samé  manner  as  with  the  left  headlight. 

The  shortest  remaining  wire  is  for  the  ignition  eonnection 
and  should  be  attached  to  the  ignition  post  of  tke  coil  box,  which 
»  located  above  the  rear  spark  plug.  In  making  this  eonnec- 
tion čare  should  be  taken  to  keep  the  ignition  wire  as  far  away 
as  possible  from  the  high-tension  wires  leading  to  the  spark  plugs. 

Two  wires  without  terminals  remain.  The  shorter  of  the  two 
is  to  be  connected  to  the  left  sidelight.  To  do  this  push  the  wire 
up  through  the  crack  between  the  dash  board  and  the  íloor  board, 
run  the  wire  up  inside  of  the  body  and  out  through  the  small 
hole,  which  should  be  drilled  through  the  metal  cowl  near  the 
rear  of  the  side  lámp.  The  other  wire  is  to  be  attached  to  the 
right  sidelight  and  should  be  brought  up  through  the  samé  crack 
used  for  the  other  wire  and  passed  aeross  the  inside  of  the  car  to 
the  right  side  in  whatever  manaer  is  most  convcnient.  In  the 
event  of  the  sockets  in  the  sidelights  being  two-wire  construc- 
tion,  the  second  wire  from  each  lámp  mušt  be  grounded  to  some 
metalHc  eonnection  on  the  chassis  frame. 

In  čase  the  car  is  not  equipped  with  electric  sidelights  tape 
the  ends  of  the  two  wires  furnished  for  this  purpose  and  secure 
them  undemeath  the  chassis  where  they  will  not  be  in  the  wny. 
Proper  staples  are  furnished  for  atta^hing  the  wires  to  the  dash 
board  or  wooden  body  sill  of  the  car. 

After  all  connections  háve  been  made,  battory  ground  cablc  G, 
Fig.  69,  is  to  be  connected  to  the  battery  and  ground  undcr  the 
runningboard  as  in  Fig.  72.  To  do  this,  pass  the  small  end  of  the 
cable  through  the  rear  porcelain  insulator  in  the  battery  box  and 
bring  the  cable  under  the  runnin^jhoard  to  the  bolt  nearest  the 
car  body  on  the  runningboard  supporting  bracket  and  perma- 
nently  fasten  it  in  position. 

To  complete  the  wiring  systém,  attach  the  battery  ground-eable 
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lug  to  the  positive  post  of  the  battery  and  secure  with  the  cap 
Bcrew  provided  for  that  purpose.  Before  making  this  conneetion 
thoroughly  clean  t4ie  connecting  post  and  the  cable  lug  and  then 
apply  a  t  h  in  coat  of  vaseline. 


Fuses  are  provided  inside  the  lighting  switch,  connecting  cor- 
responding  terminals  in  the  upper  and  the  lower  rows  of  terminals. 
There  is  a  separáte  fuse  for  each  circuit,  ignition  ineluded. 

In  čase  of  the  fuse  melting  due  to  short-circnit  on  any  part  of 
the  lighting  circuit  or  primáry  ignition  circuit,  another  piece  of 
lO-anipere  full  wfte  should  be  inserted. 

Before  Starting 

Before  starting  see  that  the  spark  lever  on  the  steering  wheel 
is  touťhing  the  contact  arm  on  the  master  switch.  When  tfaia  is 
done  make  súre  that  the  commutator  arm  on  the  Ford  timer  is  in 
a  perpendicular  position.  Should  this  commutator  arm  not  be  as 
doseribed  bend  the  commutator  connecting  rod  until  the  arm  is 
perpendicular  as  directed.  This  is  the  last  operatiou  and  one 
which  mušt  be  performed  to  insure  satisfactory  retard  of  the 
spark  for  starting.  It  is  advisable  before  attempting  to  use  the 
electrical  unit  to  check  over  the  entire  installation  to  make  Bure 
that  all  connections  háve  been  made  properly. 

Eartm  Battery  Connectioa 

The  regular  battery  provided  with  this  systém  is  supplied  with 
an  extra  6- volt  neutral  wire,  which  mušt  not  be  used  in  conneetion 
with  the  lighting  installation  as  described,  which  provides  for 
the  use  of  12- volt  lamps.  The  6- volt  neutral  wire  is  provided  for 
the  convenience  of  the  car  owner  for  the  possible  installation  of 
6-volt  electric  horns  or  other  6-volt  accessories.  The  method  of 
installation  described  provides  12-volt  battery  ignition  for  start- 
ing purposes,  and  under  no  circumstances  should  the  6-volt  neutral 
battery  wire  be  conneeted  to  the  battery  post  on  the  coil  bor. 

Lighting  Operatiou 

When  the  lighting  switch  handle  is  pushed  down  all  the  way, 
the  lamps  are  disconnected;  when  raised  half  way,  sidelighta  and 
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taillight  are  connectedj  and  when  raised  all  the  way,  headlight  and 
taillight  are  connected. 

Startíng  Operati<m 

To  operate  the  electrical  unit  as  a  motor  throw  the  coil  box 
ignitioB  switch  to  the  battery  side  and  press  the  spark  lever  into 
a  position  of  full  retard,  thereby  pushing  the  master  switch  con- 
tact  ann  as  far  back  as  it  will  go.  This  makes  contact  in  tho 
master  switch,  and  if  all  connections  háve  been  made  properly 
the  starting  motor  will  ťurn  over  the  engine. 
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CHAPTER  VII 
Genemotor  for  Fords 

HE  sbaft-driven  tjpe  of  G«nemotor  for  the  Ford  car  is  a  siogle- 
TO-wire,  12-volt  equi|nnent.  The  electrícal  uftít  is 
ths  Ipft-haod  side  of  the  cngine  on  a,  special  bracket 


Fig.  75— f'/rd  f 
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attacbed  to  the  engino  baae  aod  íb  driven  by  s  spccial  sliaft  and 
gear, 

PrqiaratiMi  of  Engine 

Beforo  dismantling  the  engine  be  eure  that  it  is  in  good  condi- 
tion,  ruiining  smoothly  and  that  the  carbureter  is  properly  ad- 
juated.  Bemove  the  radiátor  with  all  the  water-pipe  and  elbow 
connectione,  etartiog  crank  and  ratŕhet  clutch,  fan  bracket  eom- 
pletc  with  the  fan  and  belt,  fan  drive  pulley  on  the  crankíbaft, 
timer,  or  comtnutator  complete,  timing  goar  cover — leave  paper 
gaslipt  in  plače — enginp  bolts  A  and  aill  bolt  B,  Fig.  74.  Clean 
and  wipc  the  engine  carťfullj  to  inaure  perfect  aeating  of  all  parta. 


•^ 


Flg.    lO—TImlHO    gair.  Fíg.      11  ~~  UrIhoS     o] 

or  Iront  cyUnder.  eotcr  mouHtlng    tpllt   hub   on 

aiiemblu  the  cranlithaít 

Cut  out  the  dashboard  aa  in  Fig.  75.  Bemove  the  felt  packing 
ringB  around  the  crankahaft  and  camabaft  from  the  old  timing 
gear  eover,  or  housing  plate,  and  plače  tbem  in  the  nen  timing 
gear  eover,  irhich  sometimea  ia  ealled  the  cylinder  front  eover. 
Be-aiHcmble  the  new  cylinder  front  eover,  oil  the  engine,  placing 
bolta  E,  F,  O  and  H,  Fig.  76,  with  lock  waBbera,  ia  holca  indicated. 
Leave  these  bolta  slightly  loose. 

Throw  the  hand  brake  lever  Ínto  the  middlc  posilion  and  puah 
the  crankahaft  back  aa  far  as  it  will  go.  Asaemble  tbe  split  hab 
J,  Fig.  77,  OD  the  rrankabaft,  inacrting  hub  pin  through  the 
set  of  holex  in  the  hiih  whirh  gives  not  Icaa  Ihao  ^  ineb  and  not 
over  :f'j  ineli  clearaure  back  of  the  hub  dange  and  cylinder  front 
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Drive  tbe  hnb  plo  E,  Fig.  77,  In  crankshaft,  being  careful  tbat 
the  ends  are  ait  equal  dištance  below  the  surface  of  tbe  threaded 
{•ortíon  of  the  hub.  Cbisel  off  part  of  Ihe  rivet  beade  XX  ia  the 
ľose  pan  of  the  engine  aoil  asaemblc  the  sear  ring  L  as  io  Fig.  78. 
Iri  aome  cases  it  maj  be  fouod  oeceBaaiy  to  bend  out  tbe  aides  or 
the  nose  pan  sligbtly  bj  a  monkey  wrencb,  as  in  Fig.  78,  to  obtain 
the  necesaaiy  clearance  for  the  gear  ring.  This  clearanee  sbould 
Dot  be  lesa  than  éi  >nch  at  any  point.    The  reccss  in  the  back  of 


nif.  78 — Ben^lnír  tht  ii< 


the  gear  ring  will  permit  the  inaertion  of  the  gear  ring  paat  the 
front  of  the  crankshaft.    The  gear  ring,  after  being  placed  in  poai- 
Iian,  should  be  fastened  with  the  three  screws  and  loek  wasbera 
[irovided  for  this  purposc. 
Throw  the  hand  brake  lever  to  the  extréme  forward  position 
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to  lock  the  engine,  Bnd  screir  tho  bub  nut  M,  Pig.  77,  on  tbe  hnb, 
tightening  samé  with  a  %-Ínch  steel  rod  iaaerted  in  the  hotes 
provided  in  the  hub. 

Beplace  the  cranking  handle  leas  the  Poril  ratchet  clutch,  nsinf; 
in  plače  of  the  latter  the  ratchet  pin  supplieU  with  the  equipment 


^( 


Flg.  79 — Adjuilínv  tlie  potítion  o/  the  dríľinff  plnlon 

ani)  retsJninK  samé  In  plarc  with  two  cotter  pinn  N  a»  in  Tlg.  77. 

Rrmove  the  loalher  roui>liiiK  ľ,  fig.  74,  from  the  eni)  of  pinion 

sha/t.      Unsrrew    t  hr    Iirnring    hon^inK    raji    Q.    Fíg.    79,    tnat 
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thŕ  cjlinilpr  front  pover,  bikI  placr'  tho  liparing  lining,  with  the 
[linion  sliaft,  in  plsľe.  The  coupling  is  keypd  to  hoth  the  armatúre 
and  drivesliaft  and  shoutd  bo  removed  complete  bj  dríving  it  off  of 
eilher  ehatt  rather  than  scparating  the  leathcr  from  the  ťlanges. 
Be  itire  tbat  screw  R,  Fíg.  79,  in  the  bearing  cap  cnters  the  hole 
in  the  bearing  lining  beforc  replacing  the  cap  and  that  the  shaft 
ilops  not  strike  the  base  of  the  engine  easting  whieh  ivould  cause 
the  shaft  to  become  apmng.  If  necessary  filé  away  tbe  corner 
of  the  engine  base  bo  that  the  shaft  haa  a  elearance  of  at  least 

Adjasfanent  ol  Gear« 

The  ateel  gear  at  all  times  mušt  mn  on  the  Fabroil  teeth  of  the 
pinion  and  not  on  its  steel  ahroudB.    ThĺB  may  be  accomplished  by 


FIff.  RO — ítMrmWií  of  the  mouiif-  Flo.   "1 — fhrrklna  thr  oíipnmcní 

ing    cradlc    /or    the    ghaít-dríva  o/  Ih,-  dríľi-ha/t  an'l  Ihe  shajt  o/ 

eiecíricol  nnit  the  i-licliical  uuK 

rearranging  the  steel  spacors  S,  Fig.  ľ4,  on  tho  pinion  shaft, 
]>lBi]ing  more  or  lesa  forward  ur  bai'k  of  the  lining  as  may  bc 
necessary.  In  no  casc  ahoulil  any  washers  be  left  out.  Throw 
the  hand  brake  lever  to  the  raiddlo  position  and  turn  the  engine 
over  with  the  cranking  handle,  feeding  in  betwcen  the  gcars  tho 
strip  of  paper  T,  Fig.  7il,  siip|ilied  for  fhia  purpoae.  Lightly  tnp 
the  cylinder  eovcr  ovor  to  tlie  U'ft  as  far  aa  necŕssary  to  meah 
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the  gears  tightly,  and  then  tighten  the  retaining  bolt  in  the  eover. 
Turn  the  engine  over  again  until  the  paper  is  fed  out.  The  paper 
should  be  evenly  marked  but  not  cut.  Under  no  circnmstances 
plače  any  shim  between  the  bearíng  lining  and  its  BUpporting 
housing. 

Genemotor  Mounting  and  Aligmnent 

Assemble  the  cradle  for  the  Genemotor  in  plače  as  in  Fig.  80. 
Plače  a  %-inch  spacing  washer  under  the  leg  nearest  to  transmis- 
sion  cover  and  insert  special  bolt  A-1  with  lock  washer  from  the 
under  side  of  the  car,  but  háve  it  slightly  loose.  Put  the  front 
leg  bolt  A  and  new  sill  bolt  B  with  the  lock  washers  in  plače,  but 
do  not  tighten  them  up.  Insert  the  Genemotor  from  the  rear  side 
of  the  dash  through  the  opening  previously  cut  for  this  purpose, 
sliding  it  into  its  cradle,  and  then  clamp  it  in  plače  with  the  steel 
strap,  leaving  about  %  inch  space,  Fig.  81,  between  the  motor 
shaft  and  the  pinion  shaft.  The  ílat  on  the  frame  of  the  Gene- 
motor should  be  parallel  to  the  iron  dash  support. 

Raise  the  front  leg  and  the  sill  leg  of  the  cradle  by  suitable 
thickness  of  the  spacing  washers  supplied,  until  the  ends  pf  the 
shafts  are  in  Hne,  utilizing  the  clearance  in  the  bolt  holes  to  ob- 
tain  sidewise  adjustment.  The  ends  of  the  shafts  mušt  be  lined  up 
accurately  to  at  least  ^  inch  or  the  bearings  will  ovearheat  and 
may  -be  destroyed.  The  alignment  of  the  two  shafts  may  be 
checked  as  in  Fig.  81.  When  the  alignment  is  satisfactory  tighten 
up  all  the  bolts  holding  the  cradle,  setting  up  the  lower  nut  on  the 
sill  bolt  firsty  and  then  recheck  line-up.     If  necessary,  readjust. 

Remove  the  bearing  cap  and  pinion  shaft.  Assemble  the  leather 
coupling  on  the  pinion  shaft  and  then  assemble  the  other  end  of 
the  coupling  on  the  generátor  shaft.  Both  should  be  a  good  tight 
fit.  Fill  the  rccess  in  the  bearing  lining  and  the  bearing  with  a 
good  gráde  of  non-acid  grease.  Replace  the  bearing  lining  and 
the  shaft  in  the  housing  and  fasten  the  bearing  cap  in  plače. 

Fill  and  f ully  compŕess  the  grease  cup  U,  Fig.  79,  at  least  twice 
to  make  súre  that  the  grooves  and  sprockets  are  filled.  Thoroughly 
grease  the  gears  and  assemble  the  gear  guard  with  its  two  screws 
and  lock  washers. 

The  timer,  or  commutator,  now  may  be  replaced.  Fit  the  two- 
piece  fan  pulley  around  the  neck  of  the  Ford  fan  pulley  and  fasten 
it  with  the  screws  and  lock  washers  provided.  Beassemble  the 
fan  and  the  bracket  complete  to  the  cylinder  front  cover,  using 
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the  new  l-inch  belt,  which  is  driven  from  the  pulley,  and  the  gear 
hab  nut  M  shown  in  Fig.  77.  Replace  the  radiátor  and  water  con- 
nectionsy  using  the  special  bolt  for  the  water  connection  elbow 
nearest  the  generátor.  Beplace  the  timer  connecting  rod,  bending 
samé  to  pas8  over  instead  of  under  the  water  connection.  The 
throttle  rod  mušt  be  turned  upside  down  and  assembled  with  the 
cotter  pins  toward  the  dash  to  clear  the  coupling.  Attach  the 
prímer  rod  and  lever  as  in  Fig.  82,  using  part  of  Ford  timer  rod 
oríginally  coming  through  the  radiátor. 

Mount  the  starting  switeh  and  cutout  on  the  under  side  of  the 
fioor   board   as  in  Fig.   83.     Mount   the  lighting  switch   on   the 


Fig.  82 — Method  o  f  attaching  the  primer  rod  and  lever 

steering  column  as  in  Fig.  84.  The  báttery  box  should  be 
moanted  on  the  right-hand  running-board.  The  holes  that  mušt 
he  driUed  in  the  running-board  and  splash  plate  to  accommodate 
the  battery  leads  and  mounting  bolts  for  three  different  models 

are  shown  in  Fig.  85. 

The  headlights  and  taillights  may  be  wired  up  with  the  leads 
•uppliedy  which  are  tagged  to  correspond  to  the  diagram  given 
in  Fig.  86.  Connect  the  electrical  unit  to  the  switch  and  cutout, 
at  in  Fig.  86,  placing  on  each  battery  cable  a  piece  of  the  cir- 
cular  loom  supplied  at  the  point  where  the  cables  pass  through^ 
the  slot  cut  in  the  splash  plate.     This  circular  loom  should  be 


122  AKTOMOBILE   KLECTRICAL  SYSTEMS 

hcld  in  placc  by  friction  taj)e  at  each  end.  Placc  thť  battory  in 
thc  box  with  the  wooden  eleats  bcneath  it,  and  ťlamp  it  to  the 
running-board  with  thc  battery  clanips  through  thc  holes  in 
the  bottom  of  thc  box  and  the  running-board.  Conncct  the 
negative  load  to  the  battery  terminál  marked  — ,  and  then  touch 
the  positive  lead  to  the  battery  terminál  marked-|-.  If  no  spark 
Í8  observed  when  this  contact  is  broken,  with  all  switehes  open, 
eonneot  the  terminál  permanently.  If  a  spark  is  observed  the 
systém  is  in  trouble  and  the  diflSeulty  should  be  remedied  before 
a  permanent  connection  is  madc.  Make  súre  the  engine  turns 
freely  before  trying  the  starting  motor. 

Operation  and  Precautioiis 

The  grease   cup   in   thc   front   bearing  should   be   kept   full  of 
grease  and  compresed  two  or  three  turns  every  200  miles.     The 
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and  ruftiut  on  thc  utidvr  sidr  of  thc  hvvl  board 

gear  teeth  should  be  greased  about  every  500  miles  by  inserting 
grease  through  the  h(de  in  the  rear  guard.  Thc  lamps  reeoiii- 
mended  for  use  with  the  systém  are  12-  and  14-volt,  15-eandle- 
power  Ma/da  or  24-candlepower  nitrogen  and  12-  and  14-volt, 
4-eandIepower  Ma/.da  for  the  tail  light.  Additional  preeauiions 
that  mušt  be  observed  are  given  under  the  heading  Operating 
and  Preeautions  for  the  ehain-driven  type. 

Installing  Ammeter 

An  ammeter  is  not  supplied  regularly  with  the  systém  as  the 
makers  do  not  dcem  it  necessary  sincc  the  generátor  is  provided 
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with  the  inherent  tvpc  ot  rpgulation  ot  the  thiril-brush  tjrpe,  so 
íhat  &.1  long  as  the  t?  o  m  m  u  tato  r,  brunhes,  battery  cooncolions,  etc, 
>r«  kopt  in  good  coDdition  chargíng  nf  the  baltcry  t9  assured. 
If  Ihc  owner  consiilers  it  adviaable  to  inalall  an  ommeter  to  check 
ihe  operstioD  of  the  systém,  tlie  inštrument  readily  may  be  a<lded 
by  removing  the  juniper  wire  from  tlie  starting  switch  to  tho 
rutout  and  connecting  the  ammeter  leads  between  these  two  pointa 
ai  in  Fíg.  67. 

Chain-Dríren  Genemotor 
The  ehain-drivon  type  of  Genemotor  for  the  Ford  car  as  put 
..iit  in  1017  was  of  the  single-unit,  two-wire,  12volt  type.  The 
uiiit  is  iiiounted  on  thť  left-hanit  side  of  the  eiigine  on  a  special 
Krai-kct  altacheJ  to  the  ciigine  haac  and  driven  by  a  ailent  rhain. 
The   generátor   output   is   regulated   by   the   third-brush    metliod. 

Inttallation  of  Electrícal  Unit 

First  clean  the  engine  thorougiily  to  Insiirc  proper  seating  of 
the  supporting  bracket.  Also  rcmove  any  high  spots  or  fins  on 
the  eastings  that  may  in  any 
way  interfere.  Mount  Ihe  sup- 
I-orting  bracket  on  the  engine, 
in'<erting  first  the  bolts  through 
the  ba>e,  then  the  uater-ílange 
tmlts,  "ith  the  elbows.  Placc 
th<'  gankets  on  earh  xiile  of  the 
I  rarket.  Vse  the  plaín  íTHshera 
U'tneeD  the  engine  ease  and  the 
foot  of  the  supporting  hraeket 
tr>  insure  pro|>er  nupport  of  the 
l'racket  and  alignmeat  of  the 
boles    nith    water-pipe    eonnee- 

tiona,   and    boit    the    bracket    in  mount  'rf   uii    the   alerrína 

position  temporarily.    Chiael  ofC  poši 

part  of  the  tiro  rear  tivet  heails 

in  the  nose  pan  of  the  engine  and  bend  out  the  edge  of  the  noí^e, 
to  provide  elearanee  for  the  <lriviiig  chain.  There  should  be  at  leaat 
■v  ineh  elearanee  st  all  pointa  around  the  sproeket  aftcr  the  chaín 
is  in  plaee.  Replace  the  starting  crank  and  turn  the  engine  over 
slovly  to  feed  the  ehain  on  to  the  engino  sproeket,  and  eonncet 
the  ends   of  the  ehain   together.     Carcfully   ohserve   the  arrow  on 
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the  side  of  the  diain  which  indicates  the  direction  in  which  it  mušt 
travel. 

Remove  the  generátor  pulley  as  a  unit  with  the  internal  spring 
to  prevent  possibility  of  changing  the  spring  adjustment.  Čare 
should  be  taken  that  the  slot  in  the  spring  support,  into  which 
the  forks  of  the  pinion  assemble^  clears  the  key.    These  can  be 
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J*fi7.  85 — Layout  of  right-hand  runnlngboard  for  mounting  hattery 
bos  on  the  differcnt  tnodela  o  f  the  Ford  car 


broaght   into  liue   by  holding  the  pinion   and   turning  the  fan 
pullej  in  a  counter-clockwise  direction. 

Mount  the  Genemotor  in  plače  and  fasten  the  clamping  strap 
loosely.  Apply  a  straight  edge,  Fig.  88,  and  align  the  sprockets 
aceurately,  making  súre  that  the  Genemotor  shaft  is  parallel  to 
the  crankshaft  and  that  the  pinion  on  the  Genemotor  shaft,  with 
boahingj  is  pressed  against  the  baU  bearing.     In  adjusting  th^ 
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vhaui  allow  a  siiiall  amouut  of  Hla*  k.  Somothing  likc  %  in<'h 
lUlleftion  under  íingcr  pri-ssurc  mIiouM  hv  allowcd.  AdJiLstineiit 
of  tlie  chain  is  nmile  by  the  two  hví  serews.  Whťn  šuch  au  ad- 
jiíHtineiit  Í8  niadc  bo  surí'  that  the  štart ing  switrh  íh  in  an  iip- 
right  position  on  top  of  tho  iiuit,  aiul  then  tightcn  the  clamping 
strap.  The  eliain  Khould  be  greased  thoroughly  aiul  the  chain 
guard  fastened  in  position.  Rej)la(e  the  puUey,  with  spring,  lock- 
ing  it  with  the  pinion  as  when  receive<l. 

Tlie  special  clanip  pulley  iiow  shoiíld  l)e  asHenihleíl  on  the  regu- 
lar  fan  pulley,  reduciug  the  diameter  of  the  llauges  of  the  latter 


fúr  r9fyhf  mírm^  asaŕť 


F\g.     87 — W'irxng     diagram    nhotcing  ronncctionn  uf  am- 

tnrtrr  in   the  circuit  • 


if  ncccsaary  hy  filing.  Replarc  the  fan  and  the  brackct  on  the 
engine,  and  if  the  fan  blades  do  not  clear  the  pulley  on  the  end 
of  the  Genemotor  shaft,  twiat  them  slightly  with  a  wreneh  and 
bend  out  the  tips  of  the  blades.  I'ut  on  the  regular  fan  belt  but 
do  uot  adjust  it  too  tightly.  Replace  the  timer  rod^  making  súre  it 
elears  the  chain  by  bending  the  rod  if  necessary. 

The  dashboard  is  to  be  drilled  for  the  lighting  switch  on  the 
right-hand  side  as  viewed  from  the  seat,  directly  under  the 
gasolinc  supply  adjustment  for  the  carbureter,  and  on  the  Icft* 
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hand  si<Ie  close  to  Ihe  coil  liox  for  thc  Btarting  switch  roil.  Mount 
the  Iirimcr  levpr  by  plai'ing  thc  siipciol  wnshcr  uniicr  tlip  HeĽOnd 
manifolil  stud  tiut,  iiasaiiig  tlie  origintil  rod  tu  thc  ilanb  board. 

Chain-Dríve  Genemotor  Wíring 

AH  the  various  Icada  arc  niarkpd  for  thcir  jiroper  rnoneetioii, 
aD>)  by  rprerciii-ľ  to  tliu  wiriiig  cliagram  in  Fíg.  SO  the  various 
toDPfcticina  may  be  followeU  readily. 

The  battery  boi  ia  to 
l«  hidd  down  firmly  to 
the  running-board  by  tno 
(|>t-ľial  elain|>s.  Thc^o 
riaiiips  faaU'n  to  the  han- 
Jlťs  of  tiio  battery  box 
and  ]>a9H  donn  through 
the  holes  in  the  runoiag- 
board. 

The  motoT  leada  shipped 
icith  the  outflt  are  lo  run 
diagoually  aeroaa  thc 
transmianon  čase  of  the 
enfciiie  from  the  Gene- 
motor to  the  battery. 
These  leada  are  to  be  5c- 
cureil  in  plaee  by  the 
steel  clip  furniahed  with 
the  outfit.  This  elip  ia 
to  be  faatened  under  (he 
rigfat  hand  aerew  neit  to 
Ih.     <l„h,     boldiDg     Ihe       „^    ««_i,n»„i  M  „„„u,  MM- 


RifRl  Oj  the  ärivtne  chain 
place.     Aftcr  the  wiring 

is  complcto  connect  thc  negatíve  battery  lead  lo  the  battery  perma- 
nently.  Beforc  connerting  the  poaitivc  lead  tourh  it  to  the  battery 
terminál  with  all  awitches  off  and  obaerve  if  there  is  any  apark  on 
breaking  tho  connection.  If  no  s]>ark  ovcura  a  permanent  connection 
may  bo  made,  whilc  if  a  spark  doea  Oťcur  the  difficulty  sbould  b« 
coírected  before  making  a  [icrmanent  eonnection, 

Turti  the  engine  over  by  hand  to  aec  Ihat  everything  is  clear. 
If  fODDd  O.  K.  the  machiuc  ia  rcady  for  teat.     Oo  thc  1915  and 
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Bubsequent  modcls,  on  which  the  headlights  are  electric  amň 
operated  frofki  the  magneto,  it  will  be  necessary  to  discard  the 
wiring  and  Bwiteh  connections  and  do  away  with  the  ground  con- 
neetion  of  the  left-hand  lámp,  as  the  Genemotor  systém  is  of  the 
two-wire  type  throughout  and  all  the  lampa  are  fcd  from  the 
storage  battery  through  a  lighting  switch  provided  with  the 
systém. 

In  the  improved  type  of  the  chain-drive  Genemotor  the  fan  is 
driven    directly   from    a  special   pulley   mountcd   on   the   crank- 
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Jor  the  Ford  car 


shaft  at  the  samé  time  the  driving  gcar  is  mountcd,  Fig.  90. 
The  startiug  switch  and  ťutout  instead  of  being  mounted  on  top 
of  the  Genemotor  and  in  combination  with  each  other,  are  made 
to  be  mounted  on  the  under  sidc  of  the  floor  board  and  directlv 
in  front  of  the  heel  board.  The  proper  location  of  the  holes 
and  their  proper  size  for  mounting  the  starting  switch  and  cut> 
out  are  given  in  Fig.  83.  The  lighting  switch  is  made  to  be 
mounted  on  the  steering  column.  The  location  and  size  of  the 
holes  that  mušt  be  drilled  in  the  running-board  to  accommodato 
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the  batteiy  cables  and  monnting  clamps  are  given  in  Fig.  91.    A 
ťomplete  wiring  diagram  of  the  systém  is  shown  in  Fig.  86. 

The  Genemotor  is  a  single-unit  outfít^  that  is^  the  samé  maehine 
performs  the  functions  of  both  generátor  and  starting  motor. 
Regulation  of  the  output  is  accomplished  by  the  third-brush 
method. 

Lubricate  the  balí  bearings  at  the  end  of  the  Genemotor  with 
a  few  drops  of  non-acid  oil 
every  1000  miles.  Grease  the 
chain  every  500  miles  and 
keep  taking  up  the  slack  as 
tbe  chain  stretchcs  and  the 
links  seat  themselves  in  the 
sprockets.  Do  not  use  any 
lubricantä  containing  any 
Bolid  matter  in  greasing  the 
chain,  as  this  will  produce 
ezcessive  wear.  If  the  chain 
becomes  gummy,  it  should  I  e 

cleaned    by    brushing    with        J,^g  90— Jícfhod  of  mounting  driving 
kerosene  and  then  lubricated        gear  and  Jan   puUey   on   crankshaft 
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Fig,  91 — Location  of  holrs  on  left-hand  rvnning  board  for  mounting 
Btorage  box  with  improved  chain-drive  Genemotor 


by  mbbing  a  good  quality  of  cup  grease  on  the  inside  surface  of 
the  chain. 

If  the  eommutator  becomes  dirty  clean  it  thoroughly,  and  if  it 
should  become  roughened  obtain  a  small  piece  of  fíne  sandpaper 
^nd  smooth  it  down.  The  sandpaper  should  not  be  coarser  than  00. 

Under  no  conditions  try  to   operate  the   Genemotor  with  the 
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batter;  r^movetl  unlesa  the  two  generátor  terminala  flrat  are  con- 
necte<l  togcther  wi(h  a  coppcr  wirc  or  cable,  otherwise  Ihe 
GeDcmotoT  will  over-heat  and  perhaps  seriously  ilamage  the  wiiiď 
ings.  The  lights  rannot  be  uae.i  with  the  battpry  remove,!.  Never 
try   to  operate  tho  Oencmotor  witb  the   small   regulating  brush 
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pall  the  príming  rod;  if  still  no  success  is  met  with,  examine  the 
i^nition  systém  and  adjustment  of  the  carbureter.  Remember 
the  štartér  supposedly  is  only  intended  for  cranking  the  engine. 
In  very  cold  weather  it  is  advisable  to  turn  the  engine  over  by 
hand  a  f ew  times  bef ore  using  the  starting  motor,  thus  preventing 
an  excessive  drain  on  the  battery. 

The  ]atest  model  of  the  Genemotor  for  the  Ford  car  is  a  single- 
onit,  two  wire,  12-volt  equipment.  The  electrical  unit  is  mounted 
on  the  left-hand  side  of  the  engine  on  a  special  bracket  attached 


Fig.  03 — lícthod   ú  f  mounting  driving 
nprocket  and  Jan  pulUy  on  crankshaft 


to  the  engine  and  mechanically  conncoted  to  the  engine  crank- 
shaft by  a  silent  chain.  The  regulation  of  the  generátor  is  by 
the  third-brush  method.  This  systém  is  designed  for  installation 
on  any  1917  or  1918  Model  T  Ford  car.  On  early  cars  it  will  be 
neeessary  to  fit  the  engine  with  a  new  crankcase  having  required 
increase  clearness  in  the  nose  pan. 

Preparation  of  Engine 

The  following  parts  should  be  carefully  removed: 
Radiátor  with  water  pipe  and  elbows. 
Starting  crank  and  ratchet. 
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Fan  bracket  complete. 

Fan  drive  pulle/  on  engine  crankshaft. 

Engíucs  b  alt  s. 

Mount   the   Oenemotor   aupporting  brarket   on   tho   rigbt-hand 
siilo   of   tbe  engine,  facing  the   radiátor,  by  looBely  bolting  the 


Fig.  64 — 191S  aencmotor  moitnled  on  Ford  tnglne 


water  connection  top  of  the  bracket  to  tho  water  conneetion  of 
the  engine,  taking  čare  to  re-insert  the  packing  gasket  in  ita 
proper  plaee.  Then  inaert  the  two  thick  waBhera  In  the  eouater- 
borea  at  A,  Fig.  92,  in  the  base  of  the  engine  under  the  lower 
foot  of  the  bracket.    Eaougb  of  the  thin  wasbers  then  ahonld  be 
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placcd  on  top  of  one  or  botb  of  tfae  thick  onea,  bh  the  čase  may  be, 
to  make  tho  bracket  stand  perpendícular  and  bring  thc  ňaaget 
of  tbe  water  eonnection  at  tbe  top  together  aod  into  tinc.  Thro 
iosert  bolts  A  with  heads  on  top  of  bracket  foot  and  tightcn 
bracket  íoot  soliilly  onto  washers,  using  tbc  Ford  prown  nuts  on 
tbe  bolts  frora  belon.  Then  set  up  the  top  watcr  conneĽtion 
bolta  lightly. 

Aaaemble  the  driving  sprai^ket  B  onto  tbe  craukabaft,  Fig.  93. 
Line   up  tbe  holes  in   the  sprocket  nith  that  in  tbo  crankshaft 


Ftg.  95 — rnatallallon  e/  prlmer  rod 

and  drive  pin  C  into  placo.  Lock  the  pin  by  insprting  screw  D 
over  top  of  pin,  not  forgetting  to  uae  a  loek  washer  under  the 
head  of  the  screw. 

Push  the  starting  crank  latchet  into  pulleľ  and  assemblc  tho 
chain  over  the  large  sprofket  B.  This  can  bc  done  without  dis- 
tonne«ting  the  links.  Also  sHp  the  fan  belt  under  pulley.  Re- 
ptace  tbe  starting  crank,  using  new  spring  pin  E,  Fig.  S3,  to  lock 
crank  and  ratehet  together. 

If  necessary  to  replace  tbe  fan  bolt  at  any  time,  pull  out  the 
pin  £  with  pliera  and  pusb  the  itartiag  crank  ratehet  into  puUey. 
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This  will  give  room  for  rcmoving  the  belt  between  the  crankshaft 
aud  ratchet  and  climinate  the  neccsHity  of  removing  the  radiátor. 
Bring  the  pinioii  end  of  the  Genemotor  against  the  rear  face 
of  the  bracket  with  pinion  shaft  and  pinion  projecting  forward 
through  the  opening  provided.  Pass  the  chain  over  the  pinion  and 
iiKsert  bolts  F  and  d,  Fig.  94,  but  do  not  lock  tight.  Swing  the 
Genemotor  iipward  on  bolt  F  as  a  pivot  by  the  adjusting  screw  H 
until  the  chain  is  autiicicutly  tight  so  the  maximum  deílection  with 


lJL%^HOa% 


riíOLE 


ĽDGEOrrEONTfEAT 


WCJDEOP  CHANWEL  IROff 
INSÍDE  EDGE  Oľ  SJLL  QN  LEFT  HAffD  SIDE  OF  CAR 

Fig.  96 — Propcr  ponition  o  f  holes  for  mounting  štartér  »uMeh 


ordinary  íingcr  prcssurc  on  the  undcr  side  of  the  chain  is  %  inch. 
Set  líp  bolts  F  and  G  tightly. 

Reniove  the  fan  shaft  from  the  Ford  fan  and  reassemble  with 
new  fan,  first  packing  fan  body  with  bearing  grease.  Mount 
the  fan  on  the  engine  and  tighten  the  belt  to  proper  tension.  Re- 
placo  radiátor  and  water  connections.  Attach  the  primer  rod 
and  lever,  Fig.  95,  using  the  Ford  primer  rod  originally  coming 
through  radiátor.  Mount  the  starting  switch  under  the  heel  board, 
Fig.  96. 

Battery  Installation 

In  the  battery  installation  on  touring  cars,  seda&s  and  town 
cars,  the  battery  rradle  is  of  a  new  type,  locating  the  battery 
undcr  the  body  of  the  car  as  in  Fig.  97.  Access  to  the  battery 
i  s  gaincd  by  loosening  the  floor  boards  of  the  car.    The  cradle 
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shciulil  bo  placed  on  the  i^ar  framc  aod  the  baltery  inacrtccl  and 
i-l3in{>eil  fast  bľtwocn  the  Huliporting  bcama  by  tiglituning  tlie 
two  riami.iiig  bolls  A  as  in  Fig,  97.  Tigbten  the  clipa  B,  boM- 
ing  the  siipporliiig  bpoiiiH  to  the  car  frame,  firat  sHghtly  aliifthig 
the  eraillc  forward  or  baekward  as  iieccaaary  to  allow  for  tljc 
alight  diScrence  in  widtb  of  tlie  flooi  baarda  so  that  the  battcry 


Fit.  97 — Location  of  Jxtttery  uňder  the  íramt  of  the  car 

ean  b«  inapectcit  and  rcmoved  through  the  body  of  the  rar.  In 
rase  the  battery  aupplied  is  not  aufficiently  tong  to  entiroly  fill 
the  cradle  a  block  of  wood  should  be  placed  between  the  forward 
end  of  the  battery  box  and  the  cradle,  Fig.  9B,  before  setting 
op  clamp  bolia  in  order  that  the  battery  may  be  firmly  held  in 
plaee. 

On  runaboutB  the  mounting  is  the  samé  aa  for  touring  cára  cz- 
ŕept  that  the  floor  board  should  be  cut  away  as  in  Fig.  99,  The 
two  wooden  cluats  in  the  figúre  and  the  neťcssary  covcr  may  be 
eut,  Fig.  100,  from  the  covor  of  tho  pa<^king  boi  in  which  the 
equipmeDt  naa  leceived.     Duc  to  tbe  location  of  tbc  gasolioe 
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tank  it  will  be  necessary  to  locate  the  cradle  on  coupelets,  Fig. 
101,  after  first  shortening  the  depth  of  samé  as  in  Fig.  102. 

Winng  Diagvun 

Spring  tlie  lighting  switch  into  plače  on  the  steering  column  so 
that  the  switch  buttons  are  on  top  and  approximately  6  in.  below 
the  steering  wheel.     The  lighting  switch  has  two  points,  1,  all 


Fig.  98 — Construction  o/  hattcry  cradle 
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Fíq.  99 — Opening  in  floor  of  Ford  runabout  for  ttoraye  batttry 


lights  bright  and,  2,  all  lights  dim.  Wire  the  head  and  taillights 
with  leads  supplied.  Note  particularly  that  it  is  necessary  to 
cut  off  the  cable  from  the  main  heádlight  lead  and  splice  on  for 
left-hand  heádlight.  Connect  the  Oenemotor  to  the  starting 
switch  and  battery,  taping  the  leads  together  near  the  switch  for 
support.    After  connecting  the  negative  battery  lead  to  the  nega- 
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tive  tertninal,  tonch  the  positive  batterľ  termíDal  with  tbe  i>oai- 
live  lead  with  mll  switches  off,  If  no  spark  is  notieed  connect 
pcrmanently. 

Be  surc  to  conneet  the  positive  terminala  on  battei?  to  poaitive 
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Flg.  100 — Wooden  cUatt  io  he  vied  in 
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Fiff.  101 — LocatUm  of 
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■jf  cradle  on  Ford  coupelel 


on  Genetnotor  and  negatíve  Io  negative,  according  to  markings  on 
Genemotor,  batter}*  and  cables;  otherwise  the  aystem  will  not 
operftle.  AIl  the  bulbs  should  bc  IS-IB  volts.  Turn  tbe  engine 
over  Blowlf  by  hand  to  aee  that  everything  U  free  and  ctear. 
Štartér  and  lights  are  uow  te&dy  tor  use. 


IM 
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Important  Precantioiu 

Put  distilled  Wftter  In  the  ba^torj'  every  two  wecks.  Orease 
the  rhaiii  pvery  500  miles  and  koop  proper  tension.  Lubriťatc 
balí  bearings  at  either  end  of  Qenemotor  witli  a  few  drojis  of 
Don-acid   oil   every   1000   miles.     Never  put  oil  or  grease  onthc 
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rig.  im—WMng  tlagraM  o!  1918  O 


.r  íor  . 


commutatnr.  If  1ho  comioutatDr  ia  rough  or  dirly,  clcan  with  fii 
sand|ia|>er  only.  Never  operate  the  Gpneinotor  with  battery  i 
movcil  iinlesB  the  Oenemotor  tenninals  firiil  urc  connpctPil  víth 

íujure  tliľ  windings.    Lighta  cannot  bc  used  nith  battery  ri-move 
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In  extremely  cold  wcather  it  is  advisable  to  break  away  the  en- 
gine  by  hand,  turning  it  over  a  few  times  before  applying  the 
štartér,  thus  preventing  undue  drain  on  the  battery. 

The  štartér  is  designed  to  spin  the  engine  at  sufficient  speed  to 
secure  ignition  from  the  magneto.  If  the  engine  does  not  fire 
promptly,  pull  the  priming  rod;  if  still  no  success  is  met  with, 
examine  the  ignition  systém  and  adjustment  of  carbureter.  Be- 
member  the  štartér  is  only  intended  for  cranking  the  engine  and 
should  not  be  used  to  move  the  car.  Should  the  štartér  fail  to 
turn  the  engine  over,  before  attempting  any  adjustment  s  t  ry 
cranking  by  hand  to  be  súre  that  the  crankshaft  is  free  to  turn. 


CHAPTER  Vm 

System  for  Fords 

THE  DÍ8C0  electrical  systém  for  the  Ford  car  is  a  single-wire, 
two-unit,  6-volt  systém.  The  generátor  is  driven  direct  from 
the  engine  crankshaft  by  a  silent  chain,  and  the  starting  motor 
transmits  its  power  to  the  engine  crankshaft  through  a  Bendix 
drive  which  automatically  engages  a  gear  mounted  on  the  shaft 
of  the  generátor.  Both  the  generátor  and  the  motor  are  mounted 
on  a  speeial  bracket  which  is  attached  to  the  left-hand  side  of  the 
engine,  as  shown  in  Fig.  104.  The  starting  switch  is  of  the  elec- 
trically-operated  type,  and  the  output  of  the  generátor  is  con- 
trolled  by  an  eleetro-magnetically  operated  regulátor.  A  cut-out 
of  the  electromagnetic  type  coňtrols  the  connection  between  the 
generátor  and  the  battery. 

Preparatkm  oi  Engine  for  Installation 

Before  removing  any  part  of  the  engine  make  súre  the  carbure- 
ter  is  properly  adjusted  and  that  ignition  is  operating  satisfac- 
torily.  Remove  the  hood,  radiátor  and  fan  from  the  car.  AIso 
remove  the  fírst  and  third  crankcase  bolts,  on  the  right  side  of  the 
cylinder  casting  as  viewed  from  the  front  of  the  car,  and  plače  on 
the  cylinder  casting  the  bracket  provided  for  supporting  the  Disco. 
The  holes  in  this  bracket  will  register  with  the  two  crankcase 
bolts  which  háve  been  removed.  Fasten  this  bracket  down  se* 
curely  with  the  two  longer  cap  screws  provided  for  this  purpose, 
taking  čare  to  plače  the  spring  lock  washers  under  the  heads  of 
screws.  The  dog  at  the  end  of  the  crank  handle  will  be  of  no  fur- 
ther  use,  as  this  is  now  a  part  of  combination  fan  pulley  and 
crankshaft  sprocket,  and  when  replacing  the  starting  crank  it  will 
be  only  necessary  to  drive  into  the  hole  in  the  crank  handle  the 
A  by  2-inch  steel  pin  supplied  with  the  outfít. 

Drive  out  the  %-inch  pin  that  holds  the  fan  pulley  in  plače, 
making  súre  that  the  pin  is  in  a  vertical  position  to  allow  it  to 
drop  through  the  hole  in  the  bottom  of  the  front  motor  support. 
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Remove  the  pulley,  and  plače  on  the  crankshaft  the  combination 
sprocket  and  fan  pulley  provided,  using  the  special  %-inch  pin 
for  pinning  samé  to  the  crankshaft.  This  pin  is  necked  at  one 
end,  which  should  enter  last  so  that  the  neck  will  indicate  with 
the  hole  drílled  through  the  fan  pulley  and  sprocket.  A  cotter 
pin  Í8  provided  for  insorting  in  this  hole  to  prevent  the  crank- 
shaft pin  from  working  loose.  Remove  the  cylinder  head  retain- 
ing  bolts  Nos.  1,  2  and  3  on  the  right-hand  side,  replacing  it  with 
frpeeial  bolts  provided,  thus  securing  the  top  supporting  bracket. 
Remove  the  cylinder  head  retaining  bolt  No.  4  on  right-hand  side 
and  replace  it  through  the  bracket  of  the  solenoid  starting  switch, 
thus  securing  it  in  plače. 

Great  čare  mnst  be  taken  after  removing  the  cylinder  head  re- 
taining bolts  not  to  allow  any  dirt  or  filings  to  enter  these  holes 
or  there  will  be  danger  of  cracking  the  cylinder  casting  when 
replacing  these  bolts. 

Installing  Electrical  Unit 

Plače  the  Disco  motor  and  generátor  assembly  on  the  lower  sup- 
frorting  bracket,  when  tapped  holes  in  the  brackets  on  samé  will 
register  with  the  slotted  holes  in  the  supporting  brackets.  The 
f onr*  hezagon-head  cap  screws  provided  for  this  purpose  may  be 
aerewed  in  plače,  taking  precaution  to  use  lock  washers  under  the 
heads  of  samé.  These  screws  are  distributed  as  follows,  two 
through  top  supporting  bracket  and  two  through  lower  supporting 
bracket.  The  upright  screw  in  the  lower  supporting  bracket 
should  be  run  down  as  far  as  possible  and  the  silent  chain  placed 
around  the  sprockets,  the  euds  bcing  brought  together  and  pinned. 
To  facilitate  reaching  the  chain -tightening  screw  mentioned,  it 
will  be  advisable  to  cut  out  a  small  piece  of  the  soil  pan  so  that 
this  screw  may  be  operated  by  a  socket  wrench  from  underneath 
the  chassis.  The  four  hexagon-head  cap  screws  mentioned  may 
be  set  up  snugly  enough  to  support  the  Disco  motor  and  generátor 
aísembly,  when  the  upright  screw  in  the  lower  supporting  bracket 
may  be  run  up  until  the  chain  is  of  the  proper  tension,  it  being 
bome  in  mind  that  too  tight  a  chain  will  cause  undue  strain  on 
the  bearings  of  the  generátor  and  a  loose  chain  will  allow  whip- 
ping  and  its  consequent  troubles.  When  the  proper  tension  of  the 
chain  has  been  obtained,  the  four  hezagon-head  cap  screws  may 
be  tightened  securely. 
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Next  plače  the  fan  in  tbe  originál  poRÍtion,  aftrr  oquipping  it 
with  the  small  split-fan  puUey  proviiled  wilh  the  outfit.  Plaee  the 
fan  bflt  to  run  on  this  new  pulley,  aud  tighten  the  belt  na  brfore. 
It  will  be  íound  neceasary  to  cut  about  ííc  inch  off  each  8Í<le  of  faa 
belt  to  bring  it  down  to  %  inch  wiilth  to  run  on  the  new  pulleya. 

CombinatioD  Switch  Box 

PlBi;e  the  eombination  switvh  box  on  the  steering  post  so  that 
the  faec  of  the  ammeter  is  about  >^  inch  bHon  the  ham  butlon. 
Serure  it  to. the  post  with  the  eiamp  aml  four  serewa  proviiled  for 
thia  purpoae.  Drill  a  %-inch  hole  through  the  dash  in  a  vertikál 
liiie  above  the  ateering  post  and  aa  cloae  as  posaible  to  the  flanf^e 
of  it  for  the  flexible  conduit.  The  eondiiit  should  be  elamped  to 
the  ateering  poat  with  the  clamp  provided,  about  midway  between 
tbc  awiteh  box  and  the  dash.  Drop  the  flexible  conduit  verlirally 
on  the  other  aidc  of  the  daah,  and  secure  it  near  the  end  with  a 
plpe  clip. 

Wmng  and  New  Cboker  Rod 

Study  the  wiring  diagram  earefully,  and  make  all  eloftriŕal  eon- 
neetiona  as  serurely  as  poasible. 


Plače  the  battery  box  on  the  runninc-biiard  about  3  inchea 
'rom  the  front  end.  The  outsíde  edge  nf  the  box  ahould  be  fluah 
.vith  the  erlge  of  the  running-board.  Drill  six  hnles  to  eorreapond 
A'ith  the  holea  in  the  bottom  of  the  battery  box.  Kasten  the 
lallcry  box  to   tho   runninn-board   with   the  foiir  bolti   provided. 
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Flace  the  battery  in  the  box  and  fasten  it  by  the  hook  bolts  fiir- 
nished.  Cut  large  holes  in  the  splash  plate  in  dircct  Hne  with 
the  large  holes  in  the  side  of  the  battery  box.  These  holes  should 
be  made  by  making  two  diagonál  cuts  at  right  angles  to  each 
other  and  bending  the  edges  in  to  provide  a  large  surface  and 
prevent  abrasion  of  insulation  on  heavy  cables.  The  long  heavy 
cable  is  to  be  used  Írom  the  posti ve,  +f  post  of  the  battery  to 
the  solenoid  switch,  Fig.  105.  The  short  heavy  cable  is  to  be 
used  from  negative,  — ,  terminál  to  the  ground,  which  may  be 
made  by  drilling  a  %-inch  hole  in  the  chassis  f  ráme  opposite  the 
holes  in  the  splash  plate  and  battery  box.  Scrape  all  paint  from 
around  this  hole  until  bright  surface  of  metal  shows.  Securely 
boh  the  terminál  of  the  cable  to  the  frame  using  the  t^-inch  by 
%-inch  bolt  furnished.  Do  not  connect  the  wires  to  the  battery 
until  installation  is  entirely  complete  and  all  is  in  readiness  for 
štart  ing. 

The  engine  now  should  be  cranked  by  hand  to  make  súre  that 
cverything  is  lined  up  properly  and  that  chain  does  not  bind. 
Make  a  careful  examination  to  see  that  all  bolts  and  nuts  are  in 
plače  and  properly  fastened  and  that  all  electrical  connections  are 
eorreet  and  properly  taped  up  to  insure  insulation. 

Bemove  the  old  choker  rod  and  replace  it  with  the  oue  supplied, 
allowing  it  to  run  through  the  small  brace  furnished,  which  should 
be  anchored  under  the  head  of  the  bolt  in  the  flange  counecting 
the  carbureter  to  the  intake  manifold.  Allow  the  front  end  of 
the  choker  rod  to  pass  through  the  hole  in  the  radiátor,  through 
which  the  originál  choker  rod  passed.  Bend  a  ring  in  the  outer 
end  of  the  rod  after  the  radiátor  is  in  plače.  Brill  a  hole  in  the 
toe  board  2  inchcs  from  the  top  directly  back  of  the  carbureter 
and  plače  the  short  3/16-inch  rod  supplied  through  the  hole,  con- 
iiccting  it  to  the  loop  in  the  main  choker  rod,  and  replace  the 
button  on  the  other  end.  Fasten  the  rear  end  of  the  main  choker 
rod  to  the  arm  of  the  choke  valve  on  the  carbureter.  See  the 
wiring  diagram  in  Fig.  106. 

Bemove  the  steel  water  pipe  between  the  radiátor  and  the 
eugine,  and  replace  it  with  the  special  pipe  provided  for  this 
purpose.  Replace  the  radiátor  on  the  car,  and  hook  up  the  water 
manifold  as  before.  Fill  the  radiátor  with  water,  and  everythiníí 
will  be  in  readiness  to  štart  the  engine. 

First  connect  the  battery  leads.  To  štart  the  engine,  plače  the 
spark  and  throttle  levers  in  the  custoniary  position,  that  is,  spark 
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retarded  and  throttie  about  a  f ourth  open.  Depress  thc  small  but- 
ton  on  the  left-hand  side  of  the  switch  box,  and  the  štartér  will 
Bpin  the  engine,  provided  proper  adjustments  háve  been  made. 
The  engine  should  pick  up  immediately  under  its  own  power.  If 
Rccessarj,  push  down  the  ehoke  rod  on  the  toe  board  to  facilitate 
starting.    Run  the  engine  slowly  at  first  until  you  are  súre  that 


Fig.  105 — Sotn^  of  ihe  étnaller  parts  o/  ihe  Disco 
gtarting  and  Ughting  systém  for  the  Ford  car 


the  outfit  has  been  hooked  up  correctly  and  that  all  bolts  and 
nuts  are  tight  and  that  the  outfit  is  functioning  properly.  Speed 
the  engine  up  slightly,  and  note  if  the  ammeter  shows  chargé. 
The  inštrument  should  show  from  7  to  11  amperes  chargé  accord- 
ing  to  the  condition  of  the  battery,  7  amperes  when  the  battery  is 
foUy  charged  and  11  amperes  when  the  battery  is  very  low.  Do 
not  under  any  consideration  attempt  to  alter  the  charging  rate. 
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See  that  each  celí  of  tho  battery  ia  filled  with  electroylte  to  a 
height  of  Vi  inch  abovo  the  platca. 

Whenever  you  replace  a  diaconnected  or  removed  battery,  be 
súre  to  plaec  thc  terminál  of  the  wire  from  the  aolenoid  switch 
on  the  terminál  of  the  battery  marked  poaitive,   -f- 

When  the  outfit  ia  complctely  installed,  the  battery  mušt  be 
iiispected  with  a  hydrometer  to  insure  ita  being  fuUy  charged. 

Its  hydrometer  reading  should  be  from  1285  to  1300.  Very  often 
therc  is  oonsiderable  delay  in  delivering  a  battery  by  freight  so 
that  its  strength  may  háve  become  exhausted  in  transit,  or  it 
niay  háve  been  subjected  to  rough  handling  through  which  the 
elcctrolyte  has  been  partly  spilled  out.  It  is  absolutely  neces- 
sary  that  thc  battery  should  be  fully  charged  and  in  good  condi- 
tion  in  cvery  way  before  the  installation  can  be  called  complete. 

If  for  any  reason  it  is  necessary  to  run  the  engine  with  the 
battery  disconnected,  it  is  of  the  utmost  important  that  the 
\%  ire  from  the  center  post  of  the  regulátor  be  removed  and  a  short 
wire  placed  under  either  outside  post  of  the  regulátor,  taking 
eure  that  it  shall  háve  a  good  electrical  connection  thereto.  The 
other  end  of  this  wire  should  be  securely  grounded  to  the  f  ráme 
of  the  generátor  or  some  metal  part  of  the  engine.  This  will 
ijKsure  the  user  against  liability  of  damage  to  his  generátor. 

Do  not  under  any  consideration  connect  the  battery  wires  until 
installation  is  complcte  and  engine  is  ready  to  štart.  Whenever 
niakiiig  any  adjustnients  or  repairs  to  the  electric  systém  be  súre 
to  disťouncct  thc  battery  first. 


CHAPTERIX 

Fisher  System  for  Fords 

THE  Fisher  systém  for  the  Ford  car  is  a  two-unit,  12-volt,  com- 
bined  single-  and  two-wire  systém.  The  starting  and  generátor 
units  are  sbown  in  Fig.  107.  The  lower  unit  is  the  generátor,  and 
it  is  connectcd  to  the  crankshaft  by  a  silent  chain  running  over 
gears  mountcd  on  the  crankshaft  and  generátor  shaf ts  respectively. 
The  motor  shaft  is  geared  to  the  generátor  shaft  by  a  special  set  of 
gears  so  arranged  Ihat  power  may  be  transmitted  f  rom  the  motor 
to  the  generátor  shaft  and  not  in  the  opposite  direction,  so  that  the 
motor  armatúre  does  not  revolve  only  when  it  is  uscd  in  starting 
the  cngine.  The  cranking  rate  is  approximately  20  to  1  and  the 
generátor  drive  rate  1^4  to  1.  The  generátor  is  provided  with  in- 
herent  regulation,  which  prevents  an  overcharge  of  the  battery.at 
high  speeds.  An  electromagnetic  cutout  controls  the  connection 
botween  the  battery  and  the  generátor. 

Preparation  of  the  Engine 

The  engine  should  be  adjusted  so  that  it  is  running  smoothly 
bríorc  dismantling  any  of  the  parts.  Then  remove  the  radiátor 
with  upper  hose  connection  and  lower  watcr  manifold  loosened  at 
the  sidc  of  the  cylinder,  starting  crank,  fan  and  pulley  on  the  end 
of  the  crankshaft  for  driving  the  fan. 

Plače  the  new  sprocket  E,  Fig.  108,  on  the  end  of  the  crank- 
shaft, driving  the  pin  H  through  the  cross  hole  in  the  end  of  the 
crankshaft,  burring  the  hole  slightly  so  it  eannot  leave  its  posi- 
tion.  This  secures  the  sprocket  to  the  crankshaft  of  the  engine. 
I*in  F  is  placed  in  the  sprocket  before  shipmcnt. 

Then  slip  the  pulley  marked  A  over  the  end  of  the  sprocket 
up  to  the  shoulder.  Sccure  the  pulley  by  sevcral  center  punch 
marks  between  the  end  of  the  sprocket  and  the  internal  diame- 
ter of  the  pulley  at  D.  If  it  is  desired  to  retain  the  Ford 
starting  crank  in  plače — this  is  preferabl©  to  carrying  it  iii  thQ 
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tool  boi— cnt  í\  ineh  off  the  ratchct  clutch,  C,  Fír.  108,  at  the 
sliouldcr  B.  The  originál  hole  in  ratĽlii?t  clulťh  O  an<l  Btarting 
ľrank  arc  not  díaturbed.  If  thcre  are  búra  nn  tho  ratchet  clutrh 
i<r  if  it  ÍR  loo  largc  to  ťntcr  the  chain  sprocket,  tbe  tipe  mušt  be 
.    filcJ  or  turncd  donn  in  a  lathc. 

Momting  Generátor — Motor  Unit 

Bi-move  Ihp  right-hand  bolt  of  the  top  water  connection  marked 

A,  Eig.  109,  anil  thv  Hľroiiil  holt  on   top  of  the  cylinder  marked 

B.  If  tbere  are  any  rough  apots  or  burs  under  eíther  of  theso 

bolts  they  muat  be  re- 
Moved.  Bemovc  the  sup- 
porting  biacket  C  from 
the  generátor- mol  o  r  uuit 
and  plače  the  bracket  in 
poaiIioD  as  shonn  in  Fíg. 
1119.  Bctwcen  the  brarkct 
C  and  the  water  connec- 
tion ia  a  thiek  steel  spacer 
waaher.  The  brarket  muBt 
be  seeurely  bolted  in  plače 
againat  the  water  connec- 
tion b?  bolt  B.  The  csre- 
ful  placing  of  the  brackct 
and  the  clamping  of  thcse 
bolts  are  eascnlial  to  the 
Bucccssful  o|>eration  of  the 
installatíon.  Aíter  these 
bolts  are  aecurely  in  plače, 
turn  the  aet  screw  D  in 
Fig.  109,  uniil  it  resta  ae- 
Flg.  107  -ftorílm,  and  0'ntraU.r  '"'^'y    ^nd    A™'?    »«»    »te 

vnlti   u/   ľithrr  niiafrm   /or  Furá  ongine   caating  and,  when 

Grmly  hedded,  lock  it  in 
IKwition  hy  tinlitcning  Ihe  lock  nut.  Thp  purpose  oí  tbis  aet  Bcren  U 
to  takc  the  Mraina  between  tho  sbaft  of  the  electrical  unit  and  tho 
rrankshaft  of  the  engine,  and  the  end  of  the  screw  muat  rcBt  on  the 
■asting,  othenvise  the  chain  niay  be  injured. 

riaco  tho  atarling  unit  K  od  the  motinting  bracket  and  rlamp 
it  in  ita  loneat  poaition  wilh  washcra  and  nula  on  the  studs.     A 
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\ong  sh&nk  T-wreneh  ib  best  to  use  for  tbia  purpose.  The  chain 
which  is  fastened  together  by  a  bolt  and  cotter  piu  may  now  be 
pDt  in  position.  Roll  the  chain  under  the  sprocket  F  and  on 
íiprocket  G  on  the  electrical  unit  as  in  Fig.  109.  Bring  the 
two  end  linka  together  and  alip  the  bolt  through  wlth  the  hcad 
toward  the  engine  and  put  the  waaher  and  cotter  pin  in  plače. 
Tighten  the  chain  by  looaening  the  iŕuta  on  the  atuds  holding  the 
unit  in  plače  and  the  locknut  H,  on  aet  acrew  I.  Then  acrew  aet 
screw  I  up  nntil  the  chain  feela  taut  when  preaaed  with  the 
fingers.  Tighten  the  nuta  on  the  atuda  and  the  lock  nut  H  on  the 
set  serew  I.  Turn  the  engine  over  a  few  timea  by  hand  when  you 
háve  aaaembled  the  atarting  crank  to  aec  that  everything  is  elear 
before  trying  to  uae  the  atarter.    The  alack  in  the  chain  should 


Fig,  108 — Method  of  mounting  neto  sprocket  for  Fiaker  ai/štem 


be  taken  np  qnite  frequently  during  the  first  few  hundred  milea, 
as  the  life  and  service  of  the  chain  are  greatly  increaaed  by  keep- 
ing  it  under  the  proper  tenaion,  eapecially  while  it  ia  atretching. 

Separáte  the  aplit  pnlley  A,  Fig.  110,  and  clamp  it  on  the 
shaft  of  the  fan,  between  the  brass  pulley  and  the  f an  blades,  by 
the  two  acrewa.  The  diameter  of  the  bore  of  thia  pulley  ia  alightly 
under  the  neck  of  the  fan  ao  it  may  be  necessary  to  filé  it  with  a 
roond  filé  ao  it  will  fit  the  neck  of  the  fan  pulley.  After  this  pulley 
ia  in  poaition,  hook  the  round  belt  J,  Fig.  109,  over  the  pulley  on 
the  erankahaft  and  the  pulley  on  the  fan. 

Remove  the  plug  from  the  top  of  the  atarting  and  lighting  unit 
and  squirt  half  a  pint  of  BB  tranamisaion  grease  by  a  greasc  gun 
into  the  gearcaae,  replaeing  the  plug  after  inserting  the  grease. 
This  qaantity  of  greaae  will  be  ample  for  aix  montha,  average  run- 
ning.    A  front  view  o  f  the  inatalled  unit  i  a  ahown  in  Fig.  111. 
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The  battery  box  may  be  loeated  on  either  runniug-board,  but 
should  be  placed  in  auch  a  position  that  it  will  not  interfere  with 
the  car  doors,  and  tbe  battery  itself  when  in  the  box  will  be  easily 
aceessible.  Holes  mušt  be  drilled  in  the  splash  plate  to  accommo- 
dáte  the  battery  cables. 

The  battery  cables  should  be  protected  with  short  pieces  of 
^-ineh  flexduct  where  the  wires  pass  through  the  holes  in  the  bat- 
tery box  and  splash  plate.  The  1-inch  flexduct  should  be  used 
aboat  the  wires  between  the  transmission  cover  and  engine  hanger 
on  the  left  side,  letting  it  extend 
baek  pást  the  brake  pedals. 
Monnt  the  inštrument  board  car- 
rying  the  štart  in  g  and  lighting 
switeheSy  ammeter,  relays  and 
daah  lámp  under  the  cowl  dash 
to  the  left  of  the  steering  eol- 
nmn.  A  front  view  of  the  in- 
štrument board  is  shown  in  Fig. 

112.  The  length  of  the  wires  can 
now  be  adjusted  to  suít  this  par- 

tienlar  location.     A  complete  wiring  diagram  is  shown  in  Fig. 

113,  and  the  wiring  should  be  installed  as  follows.  Run  the 
large  negatíve  štartér  cable  4  from  'the  negatíve,  — ,  terminál 
of  the  battery  through  the  flexduct  to  the  negatíve  terminál  on 
the  motor.  Install  a  heavy  cable  from  the  positive,  +,  terminál 
of  the  battery  to  the  left-hand  terminál  of  the  starting  switch, 
Fig.  113^  but  do  not  make  the  electrical  connection  at  the  bat- 
tery. All  the  terminals  on  these  cables  should  be  soldered  and 
the  binding  posts  tightened  with  a  wrench. 

Install  a  lighting  cable  from  the  lower  brush  on  the  generátor, 
marked  G  in  Fig.  113,  to  the  terminál  markcd  G  on  the  relay.  Con- 
nect  another  lighting  cable  between  the  terminál  marked  S  on  the 
generátor  and  the  terminál  marked  S  on  the  relay.  Install  the 
electric  side  lamps  and  connect  them  in  serieš,  running  a  lighting 
eable,  marked  12  in  Fig.  113,  from  the  lighting  switch  to  the 
left-hand  lamp,  thence  to  the  right-hand  lámp  and  to  ground.  Dis- 
connect  the  wire  going  to  the  headlights  from  the  originál  switch 
and  connect  it  to  the  new  lighting  switch.    From  one  side  of  the 


Fig.  110 — Method  o  f  mounting  new 

Jan  pullcy,  over  old  one  for  FUther 

syatem 
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daah  lámp  n>n  n  li^htine  calili-  In  the  Uil  lámp,  beini;  nnre  to 
ground  one  aiile  of  Ihp  tail  lámp  aa  as  to  complete  the  cireutt. 
WlipQ  the  wÍTing  ia  compleled  as  outlíueil,  trace  cach  eircait  care- 
fully  and  bc  surc  that  all  connections  háve  bcrn  made  In  accorď 
ancc  with  the  dia^am.  With  all  Bwitches  opeti  touch  the  positive 
battery  wire  to  the  positive  battery  tprmiiial,  and  if  no  spark  oc- 
ours  on  breakinK  Ihia  contaet  the  hattcry  connertion  may  be  made 
permanent.     Salder  add  tajie  all   joiots  and  tighten   alt   binding 


liffhllng  >.}ii>Um 


nuta  with  a  wri>n<-h.  Chcfk  Ihe  In.liralioD  of  thi^  srnmeter  by 
tiirning  un  the  lighta,  It  should  show  a  discharge.  Štart  the  en- 
gine  Biiil  infrease  its  apfed.  Note  the  indicalion  of  the  ammeter 
trith  Ihc  lampa  turned  off.  Tho  ammľter  should  indicate  a  charg- 
iug  current  as  aoon  as  the  cutout  closcs. 
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Each  equipmpnt  íx  furnixhpit  with  q  (iritiiiti);  a<ta<'hnicnt  hci  that 
tlie  líriming  valve  may  lie  ojicrateil  from  the  ai'at.  The  installu- 
tion  of  this  equípniont  ia  ahowu  at  K,  L  and  11  in  ťig.  109. 

Operatíoni  Čare  and  Precaotioiu 

The  clpctrkal  anit  inuat  not  he  nin  with  thc  battery  clisron- 
Brctoil,  unleas  tbe  amall  wire  is  rcmoved  from  the  bindíng  pont 
OD  tbe  generátor.  C'lean  tbe  bruaht^a  on  generátor  and  thc  niotiir 
oirasionally,  Watch  the  ailjiistinrnt  íd  thc  ľbain,  and  luhricatc  it 
with  heavy  engine  oil  or  tranamission  grcaae.  Ahout  ouce  a  week 
for  ordinary  uae  of  the  car,  put  threc  or  four  drops  of  oil  in  the 


gmall  hniea  nf  the  upper  anil  lower  bearinga  on  the  coniniutator  end 
ol  the  etectrical  unit.  Exaniine  the  battery  about  onec  a  treek, 
and  pat  distilled  watcr  in  it  often  enoiigh  to  prcveiit  the  liijuid 
from  getting  below  thc  upper  edge  of  the  plates.  Exaniine  the 
eonncĽtions  to  the  battery  to  make  siire  Ihey  are  aolid  nu.l  niaking 
good  electrieal  eonnections.  Removc  any  appcarancu  iif  curruHÍoii 
■ad  cover  thc  terminalB  nith  vaseliiie.  It  in  iiut  adviiiable  to  usc 
(he  atarter  Deedlcasly,  that  ís,  do  not  crauk  thc  eiii-ine  with  the 
ignition  Bwitch  purpoacly  opeĽ. 

Do  not  continuc  cranhing  the  engine  if  it  doea  not  štart  and  run 
Dndcr  its  ovn  power  after  crankitig  for  5  to  10  aiTonds  at  moat. 
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Examlne  thc  ignition  systém,  carbureter,  gasoline  supply,  etc,  to 
try  and  ascertain  the  difficulty.  Always  make  súre  that  the  igni- 
tion spark  is  not  too  far  advanced  when  cranking  the  engine,  as  it 
may  backfire  and  cause  serious  damage.  The  brushes  and  the 
commutator  on  the  generátor  and  the  engine  should  be  deaned 
oceasionally. 

The  bulbs  recommended  for  use  with  this  systém  are  7-  to  8-volt 
tungsten  for  the  side,  dash  and  tail  lamps.  The  candlepower  of 
any  two  lamps  of  the  samé  voltage  that  are  to  be  conneeted  in 
serieš  should  be  the  samé.  Thus  the  dash  and  tail  lamps  should 
háve  the  samé  candlepower  if  they  háve  the  samé  voltage  rating. 


RCUkv 

LARCC  YitK  or  ttuer  siormo 
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Fig.  113 — Camplťtc  wirlng  diagram  o  f  the  Fitfhvr  electricai 

systém  for  thc  Ford  car 
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CHAPTER  X 

Splitdíorf  System  for  Fords 

HE  Splitdorf  electrical  systém  for  tfae  Ford  is  a  single-unit, 
two-wire  type  in  which  the  generátor  output  is  controlled  by 
a  special  field  winding.  The  battery  consists  of  siz  cells  arranged 
in  two  groups  of  three  cells  each.  These  two  groups  of  cells  are 
ponnected  in  serieš  by  a  special  starting  switch  when  the  starting 
motor  is  in  operation  and  in  parallel  when  the  starting  switch  is 
in  its  normál  position,  that  is,  the  štartér  operates  on  12  volts  and 
the  lámp  on  6  volts. 

Pŕeparation  of  Engine 

Bemove  the  radiátor  and  all  the  water  connections  from  their 
clamp  couplings  at  the  engine.  Bemove  the  fan  and  its  mounting, 
and  tam  the  engine  over  by  hand  until  the  pin  holding  the  fan 
pulley  is  perpendicular,  and  then  drive  the  pin  out  through  the 
hole  in  the  engine  base.  Drive  ont  the  pin  holding  the  ratchet 
cltttch  on  the  end  of  the  starting  crank  and  pull  out  the  crank. 

Bemove  the  bolts  marked  B  and  C  in  Fig.  114^  but  before  re- 
moving  the  nut  A  entirely  from  the  bolt  tie  a  piece  of  twice 
aronnd  the  threads  below  the  nut  to  prevent  the  bolt  from  drop- 
ping  in  the  motor  base  or  the  crankcasc.  If  the  bolt  should 
happen  to  drop  it  will  remain  in  the  hole  and  a  sharp  blow  on  the 
erankcaae  directly  under  the  bolt  will  cause  it  to  jump  forward 
and  it  may  be  caught  with  the  Angers. 

Moímting  Crankshaft  Sprocket 

Plače  the  adjustable  bracket  in  position  and  secure  it  to  the 
engine,  using  the  bolts  supplied  at  B  and  C  and  the  nuts  formerly 
on  the  old  bolts.  The  bolts  holding  the  lower  part  of  the  braeket 
should  be  tightened,  as  it  is  important  that  this  part  be  hold 
tight  to  the  engine. 
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Now  plače  th«  split  taper  ileeve  A,  Fíg;.  115,  oa  Ihe  en^ne  ghaft 
and  drivc  Ihe  pin  B  tlirough  the  holvs  in  the  sleeve  and  shsft, 
which  ahould  l>c  in  atignment  with  cach  othpr,  uotil  it  is  flush 
ivith  tbe  sleevo  on  bolh  aides.  Wilh  Ihe  ke.v  in  positioD  in  tlie 
plfeve  drive  the  sjirorkpt  C  on  the  sleeve,  the  keywny  regititcring 
ivith  the  koy,  The  nut  D  now  should  be  turned  on  the  end  of  tho 
slrevŕ.  This  tauses  the  sprocket  to  bccome  well  seatetl  on  ihe 
taper  portion  of  the  sleeve  and  at  the  samé  time  eausps  the  split 
end  of  the  sleeve  to  grip  the  engine  erankshaft. 

Beplace  the  starting  craok,  štart  the  chain  undcr  the  sprocket 


and  with  the  starting  rrank  turn  Ihe  cngine  over  slowly  until 
the  chain  is  drann  thtough  for  about  balf  of  it!i  length,  makíng 
súre  that  the  chain  is  vrorking  frecly. 

Momting  tbe  Qectrícal  Unit 

Faaten  the  eleotrícal  unit  to  the  adjustable  bracket  n-ith  the 
thrce  bolia  and  lock  washers  furnished.  This  operation  can  br 
arrnin|)liahed  very  ensily  by  tilting  tbc  bracket.  Plare  the  chain 
in  position  over  the  niirocket  on  the  end  of  the  shaft  of  the  elec- 
triial  unit,  joiu  the  endn  of  the  elinin  with  the  pin  and  lock  the 
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pin  with  a  washer  and  cotter  pin.  Align  the  crankshaft  and  gen- 
erátor motor  Bprocket  by  the  adjustable  bracket  hinge  bolt.  Ad- 
just  the  chain  to  its  proper  tension,  that  is,  without  any  undue 
amount  of  slaek. 

« 

The  aluminum  fan  pulley  is  made  in  two  parts  and  clamps  over 
the  Ford  fan  pulley.  The  new  pulley  is  held  in  position  by  four 
Bcrews  and  loek  washers.  Fill  the  recess  of  the  fan  with  grease 
and  replace  the  fan,  using  the  originál  bearing  stud,  and  plače 
the  fan  belt  in  position  and  adjust  it  to  the  proper  tension. 

IficfnlUfigr  the  Wiring 

Prepare  the  dash  of  the  car  for  the  wiring  by  cutting  the  holes 
shown  in  Figs.  116  and  117.    Hole  A  in  Fig.  117  is  for  the  ignition 


Fig.  115 — Driving  sprocket  and  tapcr  al^eve  úpon  tchich  it  ia 

mounted 


switch.  Hole  B  is  for  the  lighting  and  dimming  switch  and  hole 
C  for  wires  leading  to  the  indicating  automatic  switch.  The 
hole  A  may  be  omitted  unless  a  magneto  is  to  be  used  for  ignition. 
Bore  a  %-inch  hole  in  the  permanent  floor  board,  shown  in  Fig. 
118,  foUowing  the  dimensions  given  for  its  location.  Install  the 
starting  switch  with  the  front  of  the  switch  leugthwisc  with 
and  facing  the  front  right-hand  side  of  the  car.  At  the  samé  time 
the  lighting  and  dimming  switch  should  be  placed  in  position, 
with  the  coil  end  of  the  switch  facing  down. 
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AU  tha  wire  terminals  aro  markec]  to  correapond  with  stmIUr 
marks  on  all  parls  of  the  installation.  Lay  the  wiring  assembl^ 
in  the  frame  of  the  oar,  connerting  tho  wirca  to  the  front  of  the 
(lasli,  as  ahown  in  Fi)-.  116.  RrftTťnce  to  Fig.  119  will  assiat  the 
installation.  Conncrt  Ihc  wires  to  the  indicating  automatic 
Bwitch  in  acfordanrc  nith  the  diagram  on  the  back  of  the  switch, 
afler  which  faslen  tho  swilch  to  the  steering  column  about  3^ 
incheB  from  tbc  dash.     Coonect   the  wires,  ai  markcd,.  to  eorre- 


íponding  tcrminala  on  the  clcelriral  unit  and  also  to  the  startíng 
awitvh. 

Holes  íhould  be  drillc<l  in  the  croHs  braces  of  the  frame  in 
front  to  at*rommo<late  Ihe  headiight  wiren.  P1a<'e  the  wirea  in 
|)onition  and  secure  them  with  elíps,  using  a  eonduít  to  protect 
Ihe  Ifads  where  they  pass  under  the  atarting  rrank.  Theae  clips 
and  ronduit  are  )iu])plied  wilh  the  equipment,  and  the  melhod  of 
mounting  them  is  nhown  in  Fíg.  119. 

butaUms:  Storage  BiAtery 

Prepaie  the  rurved  running  hoard  guard,  or  nplash  apron,  for 
the   battery  leada  and   the   running-board   for  securing  the   bat- 
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tery  box,  as  shown  in  Fig.  118  and  fasten  it  securely  in  plače  with 
bolts,  nuts  an<l  lock  washers,  all  f urnished  with  the  outíit.  Plače 
tbc  battery  in  the  box  with  the  outside,  end  terminals,  toward  the 
car.  Pass  the  extension  cables  under  the  wood  sill  and  over  the 
channel  steel  frame  of  the  car^  connecting  the  extension  leads 
from  the  battery  to  the  starting  switch  as  marked  and  to  cor- 
responding  terminals  on  starting  switch  and  battery.  The  meth- 
od  of  instailing  the  battery  cables  is  shown  in  Fig.  120. 

Indicating  Automatic  Svritch 

The  indicating  automatic  switch  is  connected  in  the  circuit  be- 
tween  the  generátor  and  the  storage  battery.  Its  primáry  func- 
tion  is  to  close  the  circuit  between  the  genesator  and  storage  bat- 
tery when  the  voltage  of  the  generátor  exceeds  the  voltage  of  the 


, 5|t »> 7^« _» 


Fig.  117 — Location  of  holes  that  tnust  be 
drillcá  in  dash  for  Splitdorf  ayatem 


battery,  and  it  also  serves  to  break  or  open  this  circuit  when  the 
voltage  of  the  battery  exceeds  the  voltage  of  the  generátor.  The 
switch  is  equipped  with  an  indicating  dial  which  shows  whether 
or  not  the  battery  is  being  charged. 

Spedal  Starting  Switch 

The  starting  switch  performs  the  additional  function  of  con- 
necting the  two  sections  of  the  storage  battery  in  serieš  when 
the  starting  motor  is  being  operated.  When  the  starting  switch 
is  depressed  the  two  6-volt  units  of  the  battery  are  connected 
in  serieš  by  certain  connections  in  the  switch  and  a  12-volt  cur- 
rent  is  supplied  to  the  electrical  unit,  which  now  is  operating  as  a 
motor.  This  change  in  battery  connection,  however,  does  not 
aifect  the  voltage  applied  to  the  lamps,  as  they  are  connected 
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to  one  or  tlie  other  of  the  6-volt  sections  all  the  tíme.  When  the 
Btarting  switch  is  in  its  normál  position  the  two  6-volt  sections 
of  the  batterj  are  connected  iu  parallel  and  charged  as  any  6-yolt 
iMittery  would  be  charged. 

Path  of  Current 

The  generátor  and  starting  motor  circuits  may  be  traced  by 
reference  to  the  wiring  diagram  given  in  Fig.  119.  Starting  with 
the  terminál  marked  4-  D  on  the  generátor  pass  along  the  small 
wire  to  the  terminál  on  the  indicating  automatic  switch  marked 
^  D,  throngh  the  heavy  winding  in  the  automatic  switch  and  out 
to  the  terminál  marked  -|-  B,  then  to  the  terminál  4-   A  on  the 


PLAČE  ABOUT  ^'  FROM  WSH 


STARTING 
LCVLR 


JOOTUNEOF 
ĎATTMY 


Fig, 


CLEAT  UNDER 
BATTERY  BOX 

118 — Directions  for  locating  different  parts  of  Splitdorf 

systém 


starting  switch,  where  the  current  divides,  one  branch  going  to 
the  4-  A  on  the  battery  and  through  the  battery  to  —  A  on  the 
starting  switch  and  the  other  branch  going  to  the  jumper  in  the 
switch  to  4.  B  on  the  starting  switch,  then  to  4-  B  on  the  battery 
through  the  battery  to  —  B  on  the  starting  switch.  The  point 
—  B  —  D  on  the  starting  switch  i  s  common  to  the  negative  ter- 
minál of  both  sections  of  the  battery  and  is  connected  to  the  nega- 
tive terminál  of  the  generátor  marked  —  D. 

"When  the  starting  switch  is  depressed  the  circuit  may  be  traced 
ŕrom  the  battery  terminál  4.  A  to  4.  A  on  the  starting  switch, 
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throufih  the  itorting  Knritch  to  tha  terminál  +  M,  thcn  to  thA 
terminál  -f  M  on  the  eleclrípal  unit,  tbrout;h  the  wínding  of  the 
eleetrical  unit  to  the  terminál  marked  —  B  —  D  on  the  starting 
Bwiteh,  then  to  ^  B  on  one  section  nf  the  batteiy,  through  thU 
Bcction  of  the  baltery  to  +  B  on  the  battery,  then  to  +  B  en  tbe 
Btarting  switľh,  throiiRh  the  Bwiteh  to  —  A  on  the  Bwiteh,  to 
—A  on  the  battery,  through  the  batterj  to  ^  A  whicb  completaa 
tbe  circuit. 

Čare  of  Eleetrical  EqoiptiieBt 

The  eleetrieal  unit  ehouli]  be  oited  at  Icaat  everf  1,000  railes 
>iy  iiixertiilg  five  or  kíx  tlro|>B  of  meilium  hijch  gra<le  oíl  in  the  oil 
hotes  at  the  en.ls  of  the  unit.  Watrh  the  nlignment  of  the  elee- 
triral  unit  bo  that  the  cliuin  runs  jierfertly  true,  and  kerp  itie 
chain  reasonably  tight. 

Keep  the  lonimutatur  riean,  wiping  it  olT  with  a  cloth.  If  it 
breomes  blnekened  or  rouglieiied  it  may  Iie  rteaned  and  amoothed 
up  KJíh  a  piece  of  00  aandpaper.     Never  usc  emery  pa|>er.     L'are- 


•■CLEAT  UNDER  tATTERY  fCSÍ 
Fiff.  ViC~líelbod  of  ln«talline  baltirv  rnblci 

fully  clean  all  dust  and  partieles  of  san>1   from   the  eoromatator 
and  from  bctneen  the  aegmeiits  afler  UBing  the  sandpaper. 

Do  uot  change  the  posilion  of  Ihe  brughea  and  do  not  alter  the 
tenaion  of  the  biuah  holdere.  !^ee  thnt  the  brunhes  make  good 
eleetrical  contavt  with  the  eommutator  surfnee,  that  they  arc  not 
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undnlj  wom  and  that  the  brush  leads  do  not  rub  against  the 
armatúre. 

If  the  electrical  contacts  in  the  starting  switeh  wear  abnor- 
mally,  sce  that  the  foot  pedál  of  the  switeh  is  not  stuck  in  the 
floor  boanl.  The  hole  in  the  Hoor  board  should  bc  large  enough  to 
prevent  the  pedál  spring  from  rubbing  against  -the  floor  board. 
Hee  that  proper  contact  is  niadc  when  the  starting  switeh  returns 
to  its  normál  position.  The  contacts  and  various  electrical  con- 
nections  can  be  examined  by  removing  the  cover  of  the  starting 
switeh. 

If  the  battery  is  removed  from  the  car  or  disconnccted  for  any 
reason,  the  electrical  unit  mušt  be  protected  by  connecting  a 
v.ire  across  the  posts  -|-  D  and  —  D. 

To  prevent  an  excessive  drain  on  the  battery  and  to  increase 
the  ease  of  starting  in  cold  weather,  it  is  imperative  to  lead  the 
earbureter  choke  rod  to  the  dash,  where  it  will  be  readily  ac- 
ľossible  at  all  times. 


CHAPTER  XI 

Dyneto  System  for  Fords 

THE  Dyneto  systém  for  Fords  is  a  sÍDgle-unit,  single-wire  sys- 
tém. The  electrical  unit  is  mounted  on  a  special  bracket 
attaehed  to  the  left  side  of  the  enginc,  and  its  armatúre  shaft  is 
connected  to  the  crankshaft  of  the  engine  by  a  silent  chain.  The 
fan  is  driven  by  a  belt  which  runs  over  a  special  pulley  mounted 
on  the  end  of  the  shaft  of  the  electrical  unit.  A  front  view  of 
the  unit  complete  is  shown  in  Fig.  121. 

Preparing  the  Engine 

In  addition  to  the  tools  supplied  with  the  Ford  car,  you  will 
need  a  small  wrench  ór  strong  slip  pliers  and  a  hacksaw. 

Remove  the  radiátor  brace  rod  from  the  radiátor,  disconneet 
the  carbureter  primer  wire  from  the  carbureter  so  it  will  lift 
off  with  the  radiátor.  Bemove  the  radiátor  by  taking  off  the 
nuts  on  the  bolts  that  hold  the  radiátor  to  the  frame,  disconneet- 
ing  the  rubber  hose  conneetions  where  they  are  fastened  to  the 
elbows  on  the  engine. 

Remove  the  fan  bolt  by  unscrewing  the  nut  at  the  back  and 
remove  the  fan.  Také  the  bolt  out  of  the  fan  and  cut  the  old 
fan  pulley  off  with  the  hacksaw  just  where  the  bevel  begins,  or 
ncarest  to  the  fan,  and  smooth  off  the  surface  with  a  filé.  Fill 
the  small  pulley  with  heavy  grease.  Plače  the  red  felt  washer 
over  the  hub  left  on  the  fan,  then  plače  the  pulley  over  the  hub. 
Plače  the  fan  bolt  through  both  the  fan  and  the  pulley,  com- 
pressing  the  felt  washer  by  forcing  the  pulley  on  the  fan  until 
the  shoulder  on  the  bolt  sticks  out  of  the  pulley  about  «4  inch, 
and  then  screw  the  four  set  screws  a9  tight  as  possible,  turning 
each  screw  an  equal  amount  until  all  are  tight.  The  fan  is  now 
ready  to  be  replaced  on  the  engine  in  the  old  position  after  the 
other  equipment  is  installed. 
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Také  ťbe  ratcliet  clutch  oťf  of  the  end  of  the  starting  crank 
by  removing  the  pin,  and  také  out  the  atartiog  crank.  Drive  the 
pín  ODt  of  the  fan  pulley  on  the  crankshaft  and  remove  the 
pnllej.  Beinove  tbe  sccond,  íourtb  and  fifth  bolte  Írom  the 
engine  base  on  the  right  side  aa  70U  face  the  car.  Bemove  the 
nut  on  tbe  bott  to  the  right  of  the  Grst  cylinder,  and  if  thÍH  bolt 
turni  wbile  taking  oS  the  nut  a  piece  of  twine  abould  be  tied 


srounil  the  threada  on  the  bolt  before  Ihe  nut  ia  removed  entirelj. 
to  prevent  it  from  falling  into  Ihc  ^^ranhcase. 

Itutalltiig  Driving  Sprocket 

Plače  the  twcnty-aÍK-tooth  sprocket  on  the  front  end  of  the 
engine  crankshaft,  and  fasten  it  aecurely  in  plače  with  the  %■ 
inch  pín  Bupplied  with  the  outfit.  Inacrt  the  lock  apring  in  the 
groove  provided  in  the  sprocket.  Replace  the  alarting  crank  and 
attach  the  ratchet  clutch  to  it  by  nieans  of  the  pin. 
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Intfalling  Momitmg  Brackel 


Plače  the  mounting  braeket  in  position  on  thc  sidc  of  the 
euf^ine  with  the  ^^-iuch  hole  over  the  bolt  to  thc  right  of  the  first 
cylinder,  placing  the  washcr  over  the  bolt  first  and  using  the 
speeial  nut  with  the  holca  in  it  to  go  on  the  bolt.  Plače  the 
romaining  three  bolts  in  position,  placing  the  spacers  and  washera 
under  the  braeket  and  lock  washcrs  on  all  the  bolts  below  the 
nuts.    All  four  nuts  now  can  bc  tightcned. 

Moontiiig  Electrical  Unit 

Mount  the  electrical  unit  on  the  braeket  with  the  stuíls  through 
the  bushings  in  thc   braeket  and  allow  the   unit   to  rest  in  this 


'^^^2-i'no;^,  *"^-'^"--Í 


Fig,   122 — LocatioH   of  holrii   in   runninfj   hoord  and  «plash  pUtte 
for  battery  mounting  boltu  and  cablcn 


position  without  placing  thc  nut.s  on  the  studs.     Inscrt  the  outer 
two  bushings  in  the  braeket  until  they  come  through  flash. 

Disconuect  the  chain  where  it  is  joined  with  the  speeial  links 
and  place  it  in  position  around  the  driving  sprocket  on  the 
crankshaft  and  the  small  sprocket  on  thc  shaft  of  the  electrical 
unit  and  reconnect  the  two  ends.  The  small  pin  for  connecting 
the  chain  liuks  should  be  toward  the  radiátor  or  the  front  of 
the  car. 
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AU  four  of  the  adjnsting  bashings  now  m&y  be  screwed  into 
the  mounting  bracket  an  equal  amount  to  keep  the  electrical  unit 
level  and  at  the  samé  time  tighten  the  driving  chain,  being  care- 
íol  to  get  the  tension  adjusted  so  you  can  just  move  the  chain 
hy  slapping  it  with  your  fingers.  Clamp  the  adjusting  bushings, 
and  before  turning  the  nuts  the  last  turn  push  the  electrical  unit 
toward  the  rear  of  the  engine  as  far  as  you  can,  which  will  put 
the  chain  in  alignment.  Thcn  tighten  all  four  of  the  nuts.  Turn 
the  engine  over  a  few  timcs  by  hand  to  see  that  everything  is 
íree  and  that  the  timor  rod  does  not  strike  ťhe  driving  chain. 
Should  the  rod  strike  the  chain^  bend  the  rod  to  clear  it  in  all 
positions. 

Bemove  the  bolt  on  the  outcr  side  of  the  ílange  on  the  car- 
bureter,  and  plače  the  small  sheet  steel  positioning  bracket  on 
the  bolt,  replacing  the  bolt  and  nut.  The  bracket  should  project 
upward.  The  primer  wire  should  go  through  the  small  hole  in  the 
bracket  and  be  fastened  to  the  lever  on  the  carbureter  where 
the  old  primer  wire  was  attached.  Drill  a  small  hole  in  the  dash 
for  the  new  primer  wire  to  go  through  so  that  it  is  convenient  to 
puU  from  the  driver's  seat,  while  starting  the  motor. 

Put  the  fan  in  position  and  mount  it  with  the  old  fan  bolt, 
putting  a  special  washer  between  the  pulley  and  the  bracket. 
Plaee  the  fan  belt  in  position  and  tighten  it  as  in  ordinary^  cases. 

Moontiiig  the  Baltery 

Drill  two  %>in.  holes  in  the  right  running  board,  as  shown  in 
Fig.  122,  and  two  1-in.  holes  in  the  splash  plate.  Plače  the  bat- 
tery  box  in  position  with  the  two  wood  pieces  under  the  box, 
having  the  holes  in  line  with  those  in  the  bottom  of  the  box, 
then  place  the  battery  in  the  box,  and  put  the  long  bolts  through 
the  holes  in  the  battery  box  and  running  board.  Use  short  wood 
pieces  under  the  running  board  for  the  bolts  and  iron  washers, 
then  plaee  two  nuts  on  each  bolt,  one  serving  as  a  lock  nut. 

Starting  and  Lighting  Switckes 

The  starting  switch  has  thrce  positions  marked  off,  neutral  and 
štart.  The  switch  may  be  locked  in  the  off  position  so  that  the 
car  cannot  be  started  even  by  hand,  as  the  ignition  also  is  con- 
troUed   by  the   samé  switch.     The  neutral   position   is   for  long 
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drives  with  a  fuUy  charged  battery,  and  in  this  position  the  arma- 
túre of  the  electrical  unit  will  operate  just  the  Bame  mechanically 
jet  it  will  not  generate  any  electrical  energy  and  chargé  the  bat- 
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Fiff.  123 — r  om  piete  wiring  diagram  o  f  the  Dyncto  electrical 

BVBtem  Jor  Forda 


tery  ncedlessly.  The  position  raarkcd  štart  is  f  or  starting.  This 
position  also  is  for  running  when  the  lights  are  being  used  or  the 
battery  is  being  charged. 

The  lighting  switch  should  be  installed  within  easy  rcach  of 
the  driver.  Its  electrical  connections  are  shown  in  the  wiring 
diagram  in  Fig.  123. 
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Electric  Wiring 

After  the  electrical  unit,  storage  battery  and  starting  switch 
are  in  plače  the  wiring  easily  may  be  installed.  The  proper  size 
of  wire  and  the  approximate  lengths  for  each  connection  are 
shown  in  the  wiring  diagram  in  Fig.  123.  After  all  the  wires  are 
in  position  they  should  be  anchored  securely  to  prevent  their 
working  loose  at  their  terminál  connections  or  coming  in  con- 
taet  with  rough  edges  and  corners.  Be  súre  that  all  electrical 
connections  are  good  and  tight  and  that  all  joints  in  the  wires 
are  well  insulated.  The  large  battery  wires  should  be  well  insu- 
lated  where  they  pass  through  the  splash  plate.  The  wire  con- 
nected  to  the  negative  terminál  of  the  battery  should  be  grounded 
to  the  frame  of  the  car  as  shown  diagrammatically  in  Fig.  123. 

The  lamps  recommended  by  the  Dyneto  company  are  marked 
on  the  wiring  diagram.  The  type  of  base  required  will  depend 
úpon  the  style  of  socket  in  the  lamps  on  the  car  or  those  selected 
by  the  owner  if  new  lamps  are  put  on. 

Čare  of  Electrical  System 

Oil  the  electrical  unit  every  few  days,  perhaps  onee  a  week 
for  ordinary  driving,  wiping  off  all  excess  oil  and  any  dirt  which 
may  accumulate.  Examine  the  wiring  to  see  that  all  connections 
are  tight  and  that  the  wires  are  not  being  damaged  by  rubbing 
againfit  sharp  edges  or  corners.  Inspect  the  commutator  occa- 
sionally,  and  should  it  be  found  dirty  or  rough  clean  it  off  with 
a  rag  and  smooth  down  the  surface  with  a  piecc  of  00  sandpapcr. 
Be  súre  that  the  brushes  are  clean  and  make  good  contact  with 
the  commutator.  If  the  brushes  are  removed  for  any  reason,  be 
súre  to  replace  them  in  exactly  the  samé  position. 

Keep  the  battery  clean  and  securely  fastened  in  plače  and  above 
all  do  not  allbw  it  to  stand  in  a  dischargcd  condition.  Fill  each 
celí  with  distilled  water  each  week  or  so  to  replace  the  liquid 
that  has  evaporated. 

Watch  the  chain  tension,  especially  for  the  first  few  hundred 
miles  after  the  systém  has  been  installed,  as  it  will  stretch  quite 
a  bit. 

If  the  electrical  unit  fails  to  štart  the  engine  when  the  start- 
ing switch  is  tlirown  to  the  position  marked  štart  do  not  leave  the 
switch  in  that  position  but  turn  i  t  to  the  off  position.     Turn  on 
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the  lampB,  and  if  they  bum  brightly,  try  štart ing  the  electrical 
unit  again  and  watch  the  lamps.  If  they  do  not  decrease  in 
candlepower,  it  is  quite  likely  that  there  is  an  open  circuit  in  the 
starting  circuit,  at  the  switch  contacts,  terminál  connectiona,  or 
the  brushes  may  not  be  in  electrical  contact  with  the  commuta- 
tor  due  to  excessive  wear  of  the  brushes  or  a  dirty  commutator. 
Examine  the  circuit  carefuUy,  and  remedy  any  apparent  trouble. 

If,  with  the  lamps  turned  on  and  the  starting  switch  thrown  to 
the  štart  position,  the  lamps  drop  slightly  in  candlepower  and 
the  electrical  unit  does  not  turn  the  engine  over,  the  trouble  may 
bc  due  to  a  loose  connection,  roughened  or  dirty  commutator, 
brushes  worn  or  not  well  íitted  to  the  surfaee  of  the  commutator, 
weak  brush  springs,  or  the  armatúre  or  field  windings  may  be 
grounded  or  otherwise  defective. 

If,  with  the  lamps  turned  on  and  the  starting  switch  thrown 
to  the  štart  position,  the  lamps  burn  very  dimly  or  not  at  all, 
the  trouble  is  probably  due  to  the  battery,  and  a  thorough  in- 
spection  of  it  should  be  made  to  see  that  the  terminala  are  clean 
and  that  there  is  ample  solution  in  each  of  the  cells  to  cover  the 
plates. 

If  the  motor  starts  but  turns  the  engine  very  slowly,  the  trou- 
ble is  likely  due  to  too  múch  resistance  in  the  circuit  or  a  defec- 
tive or  discharged  battery.  The  high  resistance  may  be  due  to 
the  use  of  too  small  wire,  loose  terminals  at  the  battery,  start- 
ing switch  or  electrical  unit,  poor  electrical  contact  in  the  start- 
ing switch,  rough  or  dirty  commutator,  worn  out  brushes,  insuffi- 
cient  tension  on  the  brushes  to  keep  them  in  contact  with  the 
commutator.  Look  f  or  weak  or  partially  discharged  battery, 
which  may  be  due  to  grounds  or  short-circuits,  unnecessary  nse 
of  the  lights  when  the  engine  is  not  run  enough  to  keep  the  bat- 
tery charged,  or  unnecessary  cranking  of  the  engine  when  it  will 
not  pick  up,  due  to  poor  adjustment  of  the  carbureter  or  faulty 
ignition. 


CHAPTER  Xn 

North  East  System  for  Fords 

THE  North  East  systém  for  Fords  is  a  two-wire,  12-volt,  or  24- 
volt,  single-unit  chain-drive  type  of  equipment,  but  it  is  dif- 
ferent  Írom  the  usual  form  of  chain  drive  inasmueh  as  two  sep- 
aráte ehains  are  used  in  forming  the  mechanical  connection  bc- 
tween  the  crankshaft  of  the  engine  and  the  shaf t  of  the  elcctrical 


STARTINQ  PtDAL 

Fíg,  124 — North  East  eicctric  starting  and  ííghting  sygtcm  fumished 
for  Fords  during  the  last  half  of  1913  and  flrst  half  of  1914 

unit.  As  the  systém  is  no  longer  in  production  this  section  will  be 
devoted  to  the  opcration  and  čare  of  the  installation.  Wiring  dia- 
grams  of  the  systém  are  given  in  Figs.  124,  125  and  126. 

Operation  and  Čare 

In  starting  the  engire  turn  on  the  ignition  switch  and  set  the 
spark  lever  and  gas  throttle  to  the  best  running  position.  Press 
the  starting-switch  button  the  full  length  and  hold  it  there  until 
the  engine  runs  under  its  own  power  and  then  allow  the  starting 
button  to  return  to  its  normál  position.  If  the  engine  should 
fail  to  štart  after  spinning  it  5  to  10  seconds;  open  the  starting 
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switťh  and  make  a  careful  examination  of  thc  followin^:  8ee 
that  the  spark  plugs  are  clcan,  the  carbureter  properly  a<lju8ted, 
thc  ignition  in  good  order,  gasoline  at  the  carbureter. 

The  chains  and  sprockets  mušt  be  kept  clean,  and  after  each 
cleaning  apply  a  little  grease  to  the  inside  surface  of  the  chains. 
Be  careful  that  the  chain  sprockets  be  kopt  in  good  alignment 
and  a  moderate  tension  maintained  in  each  chain. 

Keep  all  parts  of  the  electrical  equipment  clean  and  inspoct 
the  various  connectioňs  occasionally  to  sec  that  they  are  tight 
and  making  good  electrical  eonnection.  Keep  the  cover  on  tho 
rear  of  the  electrical  unit  in  plače.  It  should  be  removed  only 
when  it  is  necessary  to  inspect  thc  commutator  and  brushes.    In- 
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Fig.  12r) — Flfxiblr-lead  ftfpe  o  f  North  East  clvrtrlr  tttartlng  nnd 
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spect  the  commutator  occasionally  an*!  kccp  it  clcan  and  smooth 
and  the  brushes  in  good  contact. 

If  the  electrical  unit  is  removed  for  any  reason,  it  is  advisable 
to  tape  the  ends  of  the  cables  to  prevent  damage  which  may  re* 
Bult  from  short-circuits  or  grounds  occurring.  The  end  of  the 
cables  should  be  carefuUy  tagged  so  that  no  mistake  will  be  made 
In  reconnecting  them  when  the  electrical  unit  again  is  installed. 

In  čase  it  is  neceasarv  to  run  the  electrical  unit  with  the  bat- 
tery  removed  or  disconnected,  rcmove  the  small  10-amp.  fuse, 
Iccated  over  the  brushes  inside  the  detachable  cover  at  the  rear 
end  of  the  electrical  unit.  Be  súre  to  replace  thís  fuse  when  tho 
battery  again  is  connected  in  circuit.  Thc  blowing  of  this  fuse 
may  be   the  cause  of  the  generátor  not  charging  the  storage 
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hattery.  If  šuch  is  the  čase,  it  sbould  be  replaced  with  another 
one  of  the  samé  kind  and  samé  current  capaeity,  but  under  no 
ťircumstanees  use  a  wire  instead  of  the  fuse,  as  the  generátor 
may  be  seriously  damaged  without  the  protection  of  the  fase. 

The  bearings  of  the  electrical  unit  will  not  require  any  outside 
lubrícation  as  they  are  packed  in  a  special  lubricating  com- 
pound. 

The  wiring  should  be  inspected  to  see  that  it  is  properly  sup- 
ported  and  proteeted  at  points  where  there  is  danger  of  ezposed 
ends  coming  together  or  where  there  is  a  possibility  of  damaging 
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the  insulation.     Inspect  the  starting  and  lighting  switches  occa- 
sionally  for  loose  connections  and  dirty  or  burnt  contacts. 

If  the  battery  becomes  discharged  ander  normál  use,  without 
apparent  cause,  and  the  fuse  under  the  cover  on  the  rcar  end 
of  the  electrical  unit  is  not  blown,  the  wiring  and  connections 
should  be  examined  carefully.  If  there  are  no  shorts  or  grounds 
on  the  systém  and  the  battery  continues  to  lóse  its  chargé,  there 
is  more  than  likely  something  wrong  with  the  battery.  If  the 
car  stands  idle  for  any  great  length  of  time,  it  is  best  to  run 
the  engine  every  three  or  four  weeks  to  liven  up  the  battery,  as 
an  idle  battery  will  discharge  gradualiy. 


CHAPTER  XIII 

Lighting  Installations  for  Fords 

THEBE  are  a  f«w   installationB  of  aimple  lighting  generátora 
with  or  without  baltery  but  whicb  háve  do  meana  for  crank- 
iug  the  Foril  engiue.     Uuring  tlie  last  few  years,  tlie  stock  Ford 


la  been  elertric  liRhfoii  from  the  magneto.  Conaequently,  thi 
utiibor  of  a])Oľtal  lighting  instnllatione  ia  xmall.  Three  of  tht> 
lorľ  ľonunon  ÍDatallattona  are  clracribeil  hriefly  here: 

Genolite  Syaten  for  Ford* 

The  npiiolitp  elľftrifal  pqnipment  for  the  FoM  ear  eonaiata  of 
chargiiig  generátor  and  6volt  titorsge  battery,     The  generátor 
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íl  mounteď  ou  b  spevial  bracket  irhich  ís  attacheil  to  the  left 
•ide  of  the  engine  and  drivea  l>y  aii  extra  loug  faa  belt,  wliiľh 
runs  over  a  flangeil  pulley  od  the  shaft  of  the  generátor,  as 
fchuwn  in  Fíg.  127.  The  storage  battery  ie  arranged  to  be 
mouiited  in  a  Bteel  boi  on  the  running  board  and  is  held  Beeurel^r 
in  plaee  by  atrong  holddown  bolta,  whicli  are  attached  to  the 
handles  of  the  battery  and  paas  through  the  running  board  with 
loek  wBsherB  and  nuts  OD  the  under  8ide. 

The  output  of  the  generátor  and  the  connection  between   the 
generátor  and  the  battery  are  taken  čare  of  by  a  Ward  Leonard 


rrmani-nl    magnr 

t    type    of    chargina 

itroller.     The  e 

ontroller   is  of  the 

rtg.    12S— /rcmírtc* 


combinstion  entout  and  ei 
slant-íurrent  type,  that  íb,  it  londs  to  maintain  the  currep 
|iut  of  the  generátor  eonslant  for  all  ear  speeda  above  ap 
matety  9  m.p.li.  The  controllľr  is  mljustcil  for  a  i'hargtng  e 
of  7  aniperps.  The  conibined  cutout  and  coHtroIler  ia  mi 
integrál  with  the  gonerator. 

The   control    anitch    ia   mounteU    on    the   steering   poat   ' 
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easy  reaeh  of  the  driver  at  all  times.  It  is  of  the  two-gang  type, 
and  the  lights  may  be  turned  on  fuU  candlepower  or  they  may 
be  dimmed  for  city  driving.  The  dimming  of  the  headlights  is 
aceomplished  by  using  bulbs  equipped  with  two  íilaments.  Two 
of  this  type  of  bulbs  are  supplied  as  a  part  of  the  Genolitc  equip- 
ment.  One  of  the  filaments  gives  a  fuU  candlepower,  and  the 
other  gives  a  dim  light  for  meeting  anti-glare  regulations. 

Hendricks  System  for  Fords 

The  Hendricks  lighting  generátor  is  of  the  permanent-magnet 
type.    It  is  arranged  to  be  mounted  on  a  special  bracket  attached 


gvíOTQg 
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Fig,   129 — Wiring  diagram   of   Kcmco   ntarting   and   Ughiing 

šyBtctn  for  Forda 

to  the  left  side  of  the  Ford  engine  and  i  s  driven  by  a  special 
V-shaped  belt,  which  runs  over  a  small  puUey  on  the  end  of  the 
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generátor  shaft  and  a  larger  special  pnlley^  which  is  attached  to 
the  fan  and  driven  by  the  fan  belt.  The  battery  is  arranged  to 
be  mounted  on  the  running  board,  and  the  connection  between  it 
and  the  generátor  is  made  and  broken  by  an  electromagnetic  cut- 
out.  A  complete  Hendricks  permanent  magnet  generátor  is  shown 
in  Fíg.  128.  All  the  necessary  wires,  each  cut  to  the  proper  length, 
are  supplied  with  each  outfit. 

Kemco  System  for  Fords 

The  latest  Kemco  systém  is  of  the  6-volt,  two-unit,  single-wire 
type.  The  generátor  and  starting  motor  both  are  mounted  on 
the  samé  special  casting,  which  takes  the  plače  of  the  timing 
gcar  CO  ver. 

The  generátor  is  of  special  construction  and  is  driven  direct 
from  the  crankshaft  of  the  engine  by  a  V-bclt,  which  is  claimcd 
not  to  stretch  or  slip  as  an  ordinary  belt. 

The  power  of  the  motor  is  transmitted  to  the  crankshaft  of 
the  engine  by  a  strong  rollcr  chain  and  a  special  set  of  gears. 
The  roller  chain  becomes  inoperative  the  instant  the  engine  starts 
to  run  under  its  own  power  faster  than  the  elc';trical  motor  tends 
to  arive  it  by  an  overrunning  clutch  mounted  in  the  large  gcar 
on  the  engine  crankshaft. 

A  wiring  diagram  of  the  complete  iustallatiou  is  shown  in 
Fig.  129. 


CHAPTER  XIV 

Atwater  Kent  System  for  Fords 

BEFORE  starting'tbe  installation  of  tlio  typť  K-2  Atwatpr 
Kent  ifniitíon  aystcm  for  Fonlx  the  fúllowin);  liat  of  materiál 
ahouttl  bc  checkcil  carofuHy  to  s<.'C  tliat  cverythinj;  rci|uirvcl  is  on 
hand.     The  diSerent  esscntial  parta  aro  shown  in  Fíg.  130. 

Materiál  Included  in  Outfit 

1 — Four-cjlindor  K-2  Uniiiparker  mountíd  on  S[iecial  gparcase 
covcr  to  fit  in  placp  of  štandard  Kord  gearpaBC  covcr,  shown 
at  A  in  the  flgure. 

Z — A      Bpiral       drive 

a-One  Atwňtťr  Kent 
ipiition  ťoil  with 
switch    complctc, 
C. 
4~Klcxible      íloublc- 
ťondurtor      rable 
for     conncrting 
the    Vnisparkcr 
nn.l    ooil.      This 
caWe  ÍB  attarhrd 
tothp  ťniniiarker 
when  Hliipped  and 
ÍB  shown  at  D  in 
the  (iKnre. 
íľ-  Two     ťotter     pins 
fcír  pulley,  K. 
6 — Fonr  wood  wrews,  F,  for  attnehine  the  roil  to  the  dasb. 
7 — A  apevial  sovkut  wrtuĽh,  (i. 
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Additional  Materiál  Required 

In  addition  to  th^  -  materiál  supplied  the  f ollowing  should  be 
provided: 

Eleven  fcet  of  high-grade  secondary  wire  having  au  outside 
diameter  not  exceeding  i«  in. 

Flexible  stranded  primáry  wire^— Lf  car  is  a  roadster,  15  feet; 
if  touring  car,  25  feet. 

Siz  celí  s  of  dry  battery  or  a  6- volt  storage  battery. 

Toolft  Required 

The  only  tools  required  for  completing  the  installation  are 
jcrewdriver,  pair  of  pliers,  monkey  wrench,  hacksaw  and  pocket 
knife. 

Making  the  Installation 

1 — Bemove  Ford  coil  box  and  all  ignition  wiring. 
2 — Bemove  radiátor  as  follows: 
a — Drain  off  circulating  water. 

b — Bemove  the  right  headlamp  when  faeing  the  radiátor, 
c — Unbolt  upper   water   connection   and   loosen   hose   connec* 
tion  on  side  of  engine,  so 
as  to  leave  both  sections 
of   hose   counectcd  to   the 
radiátor.     It   is   casier    to 
unbolt    the    ^ater    connec- 
tion ílange  than  to  removo  HlfT  tmw tU6  orr 
and  replace  the  upper  hosv       ^''í'-  ^^^—Cut  off  luff  on  the  fan 
d — Loosen   brace-rod  check 
nut  at  dash  and  unscrcw  rod  from  radiátor. 
e — Bemove  nuts  from  feet  of  radiátor  and  radiátor  may  be 
lifted  off. 
i — Bemove   fan  and  fan  bracket  and  cut  off  lug,  as  shown  in 

sketch,  Fig.  131. 
4 — Bemove  adjusting  screw  and  locknut  from  prescnt  gearcover 
and  plače  samé  in  the  ncw  gearcover  furnished  with  outfit^ 
Fig.  132. 
5 — Bemove  commutator  by  taking  off  nut,  washcr  and  pin,  sliding 

off  contact  arm  and  commutator. 
9— Bemove  cotter  pins  from  pin  in  fan  pulley  on  crankshaft,  Fig. 
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133,  anA   drivc  oiit  pín   which   runs  Hrar  thrnufrlt   llic   shaft. 

Thia  pullpy  muat  bc  movpil  forwanl  on  thc  crankuliaft  abuut 

%  incU  to  set  thp  nciv  gcarcover  in  piacť,  aftcr  which  it  is  niovi-il 

back  to  its  originál  ponítion,  new  eottpr  pioB  briii(5  provUieil 

io  caBC  thc  originál  ODes  arc  dainaged  íd  renioving. 
7 — Remove  gearcover,  using  thc  apecial  socket   wrench   provídril 

with  thc  outfit  for  taking  out  thc  bolts  which  arc  next  to  thc 

crankaiiaft. 
? — Remove  Homi-circular  piece  of  felt  from  groove  in  Ford  goar- 

covcr  whero  it   lits  over   tlie  crenkshaft   and   ropiaľe  Íii   new 

gearcover  fumished  with  outfit. 
9 — Placc  spirai  gcar  of  Atwater  Kent  systém  on  camsbaft  in  thc 

placc  formpfly  oi-i-upicd  by  thc  commutator  an<l  m't  up  tinht, 

a|>plying  pleiity  of  grcasc  tu  tecth  of  spirai  gvar. 
10 — Bc  8urc  tliat   the   paper   gaskct   iiscd  bctwoen   tbc   oid   Rcar- 

rovcr  aiid  traiikrasc  Íh  in   gnod  i-oudition  and  is  trahHfc'rr.-d 

Ľarcfully  to  thc  ncw  iustatlation. 

U— Plače  thc  ncw  grarcoveL 
coniplťt*^  with  Uiiisparkcr  in 
position  on  the  motor,  slid- 
ing  it  into  placc,  as  shown 
in  Fig.  134.  Aftcr  it  ia  iu 
|)o3Ítion  insert  the  two  end 
bolts,  marhcd  B,  ťig.  132. 
alao  serew  In  thc  fai 
brnckct  bott  C,  thua  oblain- 
iug  the  propcr  ali^nmcnt  of 
tlie  goaTcover,  after  which 
thc    other    bolts    may     be 

12 — Neit,  the   fau  pullcy   on 

the    crankshaft    should    be 

set   back   into   position,  in- 

serting  the  pin  and  fastcn- 

1   with  the  two  colttr  pinu   incliidcd   wilh   thc 


1 — Bemove  spark  plug  in  cylinder  Jío.  1  neit  to  radiátor. 
1— Bring  pinlnn  in  Tv'o.  1  cylinder  up  ciactly  to  high  ilead  rcnlcr 
at  top  of  couipresaion  strokc. 
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the  Engine 

1 — Set  clamp  under  Unisi  arker  so  that  Unisparker  may  be  tumed 
iu  its  bearing.  For  accurate  settiug  it  should  be  clamped  just 
tight  enough  to  turn  fairly  hard.  Thcn,  grasping  the  Uni- 
sparker íirmly,  túru  it  slowly  and  steadily  in  the  opposite 
direetion  to  the  hands  of  a  elock  until  a  click  is  heard.  Stop- 
ping  exactly  at  the  point  where  the  click  was  heard,  lock  the 
Unisparker  fast  by  tightening  up  clamp  bolt.  In  čase  the 
Unisparker  is  turned  so  that  the  cable  which  projects  froín 
the  side  intcrferes  with  the  fan,  turn  the  Unisparker  a  full 
quarter  turn  until  the  next  click  is  hear^l. 

2 — Tak  o  oflP  distributor  cap. 

3 — Note  the  direetion  in  which  the  distributor  block  on  the  upper 
part  of  the  distributor  points  and  replace  the  cover.  The 
terminál  to  which  it  points  will  connect  to  the  spark  plug  in 
cylinder  No.  1  and  the  spark  will  be  timed  to  occur  exactly  on 
center.  The  diagram  in  Fig.  135  shows  the  relation  of  the 
distributor  terminals  to  the  spark  plugs  and  in  applying  this 
to  your  installation  the  distributor  terminál  to  which  the  dis- 
tributor block  points  always  will  be  No.  1  and  will  connect 
to  cylinder  No.  1.  The  other 
terminals  will  connect  to  the 
remainder  of  the  spark  plugs 
in  accordance  with  the  order 
of  firing  of  the  Ford  engine, 
which  is  1-2-4-3,  the  other  dis- 
tributor terminals  connect ing 
to  these  plugs  in  rotation. 
If  spark   timing  is   done  ac- 

curately  according  to  these  in- 

structions,    the    timing   will   be 

correct  for  the  maximum  power, 

speod     and     flexibility     of     the    ^'^-  133— Äf»iorf«f7  pin  that  holdn 

^„    . tíw  pulhy  on  the  crankshaft 

engine.  r       ^  / 

Once  set,  the  spark  is  controlled  automatically  by  the  gov- 
eming  device  in  the  base  of  the  Unisparker,  and  the  spark 
is  timed  with  automatic  j)recÍ8Íon  for  any  s{>eed.  It  always  is 
retarded  automatically  for  slow  starting  and  for  hill  climbing, 
and  automatically  advanced  for  any  speed  of  which  the  engine  is 
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capable.  Onre  propcrlj  limed, 
it  should  rpquire  no  further  at- 
tention. 

Bcfore     proceeding     with     the 
wiring,  coDiplete  the  mťrhanicat 
installalioa  as  followB-. 
1 — Rcplacc   breather   rap   taken 

trom  olil  geareovor. 
2— Rpplafe  (an   aml  brapkct  on 

npw  gearcover,   makíng  mire 

that  Rreaae  cup  on  fan  is  full 

of  grcane.  "^-^Ä 

3 — Ttcplaľc  railiator  as  foltnni:    ffff.   13^^ — Oinjnmi   af   roHnrrtioHA 

a— Het  radiátor  in  puaition.      ''"'  '»'««'<*  '"'''•■'   'ľ"*""""   'ť''™. 

h — Ponnoct  upprr  an<1  towpr  water  roupling.    Note  that  tcoaket 

e — Bott  ra^atoT  in  placp,  takinf;  rnre  not  to  set   iip  nprinpi 

uniler  thť  bťltii  toii  tt^btly. 
d — Beplarc  cottcr  pinn  in  lock  nuti. 
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e — Conneet  brace  rod  Írom  dash  to  radiátor,  screwing  it  íirst 
into  radiátor  and  then  tightening  up  lock  nut  at  dash. 
4 — Replace  lámp. 

5 — Replace  spark  plug  in  No.  1  cylinder. 
6 — Mount  Atwater  Kent  coil  on  center  of  dash  so  that  round  head 

of  brace  rod  fits  in  space  counter-bored  for  it  on  back  of  coil. 

The  necessary  screws  for  mounting  the  coil  on  dash  are  pro- 

vided  with  the  outfit. 
After  mounting  coil,  proceed  with  wiring,  as  foUows: 
Run  the  black  primáry  cable,  whieh  is  connected  to  the  inter- 
rupter,  up  along  the  brace  rod,  fastening  it  ťhereto  with  a  few 
tums  of  adhesive  tape,  and  thence,  through  one  of  the  holes  left 
by  the  originál  coil  wires,  to  the  coil  where  the  two  wires  are 
ŕonnected  to  the  two  binding  posts  at  one  end  of  the  coil  marked 
*'INT,"  Fig.  135. 

Secondary  Ground  Connection 

From  the  bottom  of  the  coil  a  wire  should  be  run  from  the  po9t 
marked  '^GRD^'  through  hole  in  dash  to  one  of  the  bolts  fasten- 
ing the  steering  column  to  dash.  In  making  this  connection  to 
this  bolt,  the  wire  should  be  bared  for  about  1%  inch,  bent  into  a 
U-shape  and  inserted  between  dash  and  washer.  Do  not  wrap 
wire  around  bolt  several  times. 

The  main  high-tension,  or  secondary,  terminál  of  the  coil  is 
protected  with  an  insulating  cover,  which  unscrews  to  enable 
connection  to  be  made  at  binding  post. 

Cut  away  the  insulation  from  the  secondary  wire  for  a  dištance 
of  about  1%  in.,  cutfing  the  insulation  back  neatly  and  leaving 
no  stray  wires,  also  being  careful  not  to  cut  the  wire  when  remov- 
ing  the  rubber  covering.    This  is  shown  by  A,  Fig.  137. 

Unscrew  the  secondary  terminál  cover  and  push  this  up  on 
the  wire  in  šuch  a  way  that  after  the  connection  is  made  it  can 
be  brought  down  over  the  connection  and  screwed  tight. 

Pass  the  wire  about  three-quarters  of  the  way  through  the 
hole  in  brass  terminál. 

Bend  the  end  of  the  wire  back  on  itself  to  make  one  complete 
turn,  as  shown  in  B  and  C,  Fig.  137.  These  wires  should  not  be 
soldered. 

Bring  down  the  insulating  collar  and  screw  it  down  on  the 
terminál  so  as  to  seat  against  the  rubber  gasket  at  the  bottom 
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ot  the  terminál.  It  ia  uot  D?ceuar7  to  havo  tfaú  any  tigliter  than 
cao  be  set  with  the  Huk*'".  Uo  not,  undcr  ony  circumstaneei, 
uae  pliera  for  Ihie  purpose. 

COTrect  Order  of  nríng 

The  order  of  firing  on  the  Ford  car  Íb  1-2-4-3,  in  other  wordf, 
IIéc  Bpark  occurs  flrst  in  cylinder  No.  1,  No.  2,  No.  i  and  No.  3 
cylindera  rcsiicetively. 

To  filid  the  jjroiwr  connections  to  the  distributor,  note:  When 
tho  distributor  cap  ia  rcplacod  on  the  Uniaparker— it  wili  fit  only 
m  one  poaition— Ihc  terminál  to  wliirh  the  diatributor  biork 
pointa  after  the  cn^ine  ia  timed  pfO|>erly  ia  alnnya  No.  I  nnd 
whould  l>e  conneeted  lo  spark  pluR  in  cylinder  No.  1-  The  neit 
terminál  in  rotatíon  ia  No.  2,  and  aliould  coanert  to  the  apark  plng 


in  No.  2.  Tho  third  one  connecta  to  cj-Iíinäer  No.  4,  and  the  lul 
one  to  cylinder  No.  3,  kerping  in  mind  that  the  direction  of  rota- 
tion  of  the  diatributor  ie  conlrary  to  the  handa  of  a  clock. 

The  wirea  leading  to  cylindera  Nos.  3  and  4  aliould  be  of  auffi- 
cient  length  to  ruD  up  to  the  radiátor  braco  rod,  to  whieh  they 
ehould   be   taped,   and   tben  dowu  to  tbcir   reapeetive   cylindera. 
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thuB  ke^piiiK  thrm   fror  frcim  rontart  with  any  heated  paris  ot 
Ihe  engine. 

Battery  InstalUtion 

Uae  six  dry  cells  connecteil  iu  serica.  A  6-volt  storage  bat- 
terjr  may  bc  used  if  dcaired.  The  carbon  of  one  ccll  eonnects  to 
the  zíDC  oí  the  noil,  and  so  on,  leaving  at  ouc  ciid  of  the  bat- 
terj  a  free  carbon  terminál  and  at  the  othcr  a  ziac  trriuiual. 

On  tKe  Ford  touring  car,  the  battery  can  best  bc  locatcd  undcr 
the  rear  seat,  the  cells  beíng  installed  in  a  standing  position. 

On  the  roadater,  the  fcIIb  are  placed  in  the  receptacle  back  of 
the  gasoline  tank  and  ahould  lic  on  their  aidea. 

Batteriea  ahould  be  inatolkd  eo  that  they  arc  faatenrd  iirnil.v 
íd  plače  and  are  inaulaled  from  cach  other  and  from  txay  metal' 
parta  on  which  they  miglit  ground- 

The  pBateboard  coveriog  on  the  dry  cells  is  uttcrly  uaelesa  as 
permaacnt  insulation;  therefore,  the  cells  ahould  be  separated 
from  each  other  by  wooden  or  papcr  wedges,  and  čare  should  b« 
taken  to  aeo  that  they  aro 
not   likely  to   vibrate  loose 

tact  with  auy  metal  parta 
oí  the  car. 

Battery    Wiríng    and 


! 


From  the  post  marked 
"P08"  on  the  coil  r 
wire  down  from  the  engine 
side  of  dash  and  along 
frame,  up  under  scat  to  the 
point  where  the  battery  ia 
inatalled.  TbiB  wire  ahould 
be  eonneeted  to  the  carbon 
poat  of  the  battery. 

Anolher  wire  ahould  run 
(rom      the      poat      marked  f'<ľ-  13I-J/ríÄorf  " 

"XEG"  on  the  coil  in  the  >ht(ioih  to  dl 

■ame  manner,  and  connects  to  the  zinr  pont  on  thi 

Theae   wires  may   be   faatened   with   insulaled 
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wooden  stripe  or  othor  wooiIcd  parti  over  which  they  run.  Čare 
should  be  takpa,  howcver,  not  to  drivc  two  staplca  cloae  togcther, 
urglťct  of  this  detail  being  a  frequpnt  eause  of  grounds  and  ahort- 
cireuits. 

Adjiutment  of  Contact  PoinU 

The  oni;  sdjustable  feature  of  the  Atwater  Kcnt  ■ystcm  aaide 
from  the  initial  timiog  is  in  the  contact  pointa.  Theae  are  adjuat- 
ftble  oni}'  for  natural  wcar,  The  initial  adjuatment  made  at  the 
factorj   ahonld  be  good   for  aeveral   thouaand   milea   of   aervice. 

The  contact  acrew  is  provided  with  aeveral  ahim  washera 
against  which  it  ia  set  up  tight.  Whcn  the  pointa  eventualít 
t>ccome  worn,  tbey  ahould  bo  dresacd  fiat  and  amooth,  after  whieh 
a  anfOcient  number  of  waahera  should  be  rcmoved  so  that  when 


rig.   13S— Parl»  of  AlIMlcr 

the  contact  acrew  ia  set  up  tightly  it  will  maintain  the  pn)p«r 
gap  bctwecn  the  pdints. 

Thia  diatance  between  the  contact  pointa  ahould  be  the  thiek- 
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nes  of  a  tbin  TÍsiting  card,  say  0.010  ineh  to  0.012  inch.     Tbe? 
■hould  ncTer  touch  when  at  lest. 

PrecAution*  m  Mamtenance 

Do  not  attempt  under  anjr  condition  to  alter  or  ehftuge  the 
adjustment  oí  any  of  the  parta  of  tbis  systém.  Eacb  part  ia 
eTaetIjr  right  in  ahape.    Each  apriog  haa  tbe  proper  tenaion. 

Tho  operatioQ  of  the  coatact  makcr  ia  ao  rapid  that  it  cannot 
be  íollowed  with  the  eje,  and  becauae  you  eannot  actually  seo  the 
cootact  made  and  broken  do  not  be  deccived  into  thtuking  tbat 
the  contact  maker  is  inoperative  or  tbat  it  ia  defective  or  wom. 

The  notchcd  shaft  and  liftcr,  also  latch  which  operatea  the 
routact  spring,  are  a!l  of  Klass-hard  Bteel  and  their  movement  ia 
60  alight  that  they  are  Bobject  to  practically  no  wear  whfllever. 


rig.  139—Uettiod  oj  8iip|wr(liiti  Mghlenilon  wJrrs  (n  AtUMlfr 
Kent  ioľitioH  spifrm 

Oiling 

Use  a  small  amount  of  li^ht  lubrícating  oil  od  tnoving  parta 
at  intervals  of  500  niiles.  Avoid  getting  oil  on  the  contact  pointa, 
Fig.  138. 
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Locating  Trouble 

If  at  an?  lime  tfae  cntpne  misses,  do  not  iramediatel)'  jump  to 
thť  coDcIuaion  that  it  Í8  iluc  to  tlio  s|>ark  or  tbe  iguition  syati^ni, 
Tlicre  is  far  greater  likclihood  Ihat  it  may  be  elBCwIiire. 

If  misaing  or  fallini;  olT  in  apecd  is  cncountťrťtt,  look  first  to 
tlie  valvea,  note  that  they  arc  frec  and  Beat  properlj. 
] — Note  that  therc  ia  good  comprraaíoD  in  eacli  eytinder. 
2~Look  at  the  carhuretcr.     Make  aure  it   is  t^orrpctly  adjuated 
and   in    good    order.      Note   earbureler    inetructiona    in   Pord 
manuál. 

If  aftťr  looking  over  tlie  valves  and  carbureter  you  are  eoii- 

viuced  that  the  trouble  ia  witb  the  apark,  procepd  as  followa: 

1 — Look  over  wiriiig,  making  súre  that  all  battery  and  other  con- 

uectiona  are  tight.    A  looac  wire  will  cause  jerking  of  the  car 

and  irrpgular  misaing,  dropping  two  or  three  or  tnore  explo- 


p  Ivpe   II   Aluntfr  Kmt 


2 — Tnki^  i)(T  one  at>erk  plug  wirp,  and  not?  that  tbe  spark  ia  at 

leaat  ^4'><"'h  long,     If  so,  it  ahould  be  aufficient. 
S^Then  teat  batleries,  whieh  ahould  ahow  at  leaat  3  to  S  nmperra. 
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4 — If  batteries  are  good,  examine  primáry  wiring  and  contact 
pointa.  If  pointa  are  too  far  apart^  adjust  these,  leaving  the 
gap  about  the  thickness  of  a  thin  visiting  card.  Note  that  the 
pointa  ahould  never  toucli  when  at  rest. 

5 — If  spark  at  the  plug  wire  is  %-inch  or  longer,  try  a  new  plug 
íirat  in  oiie  cylinder,  then  in  the  next  and  so  on  until  all  cylin- 
dera  háve  been  teated.  If  thia  faila  to  locate  the  difficulty, 
examine  the  aecondary  wiring  between  the  distributor  and 
plaga.  Any  plug  under  auapicioii  ahould  be  replaced  with  a 
iMW  one.    Simply  oleaning  wiU  not  neceaaarily  reatore  i  t 

Type  H    Atwater  Kent  Unisparker 

The  chief  difference  between  the  type  H  and  type  K-2  ayatem 
Í3  that  type  K-2  ayatem  ia  provided  with  an  automatic  apark  con- 
trol  and  the  type  H  ayatem  haa  only  the  manuál  control.  There 
i>  alao  quite  a  little  difference  in  the  mountinga. 

The  different  essential  parta  of  the  outfit  are  ahown  in  Fi^ 
140  and  ahould  include  the  following: 

1 — Four-cylinder  type  H  Uniaparker  mouifted  on  bracket  with 
extended  shaft  and  bevel  gear,  A. 

2 — Flexible  double  conductor  cable  between  Vnisparker  and  coil. 
Thia  ia  attached  to  Uniaparker  when  shipped,  B. 

3 — Bevel-gear  pinion,  C. 

4 — Coil  eomplete  with  awitch,  D. 

5 — Four  acrewa  for  faatening  coil  to  dash. 

6 — Spark  advance  rod,  E. 

7 — Three  cap  acrewa,  F;  one  lock-waaher,  G;  one  cotter  pin. 

Making  the  Installation 

1 — Remove  Ford  coil  box  and  all  ignition  wiring. 
2 — Remove  radiátor  aa  foUowa: 

a — Drain  off  circulating  water. 

b — Remove  the  right  headlamp  when  facing  the  radiátor. 

c — Unbolt  upper  water  counection  and  loosen  hose  counec- 
tion  on  aide  of  engine,  ao  as  to  leave  bóth  aectiona  of  hose 
connected  to  the  radiátor.  It  is  easier  to  unbolt  the  water 
connection  flauge  than  to  remove  and  replace  the  upper  hose 

-  connection. 

d — Loosen  brace-rod  check  nut  at  dash  and  unacrew  rod  froii^ 
xadimtor. 
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« — Remove  nuti  from  fcet  of  radíAtoT  and  radiátor  may  be 
lifted  off. 
3 — Rcmovo  commutator  bj  taking  off  nut,  n-aslior  and  pio,  sliding 

off  contact  ann  and  commutator. 

4 — Romove  tliree  bolts  from  tlie  goar  covcr  marked  A,  Fíg.  HO. 

a — I'lace   bevpl-goar   i>mioii   on    tinier   sliatt,   using   lock   wasber 

fumÍBhťd  with   outlit  and  nut   which  held   tinier  in  jilace,  140, 

O — Plače  Unisparkcr  witb  brackot  on  front  of  ({car  cover,  bolding 

it  in  plače  by  tbc  three  citra  long  bolts,  furniahed  with  the 

outlit,  wliich  fit  into  the  holes  A,  Fig.  140. 

7— Do  not  faalcn  tlie  outfit  tightiy  in  plate,  but  leave  it  so  that 

the  gcars  can  bc  unnieshcd  for  timing  adjuntment. 
8— Conncct  the  new  apark-advanee  rod  provided  with  outflt 
betwecn  the  báli  and 
soeket  connection  on  the 
atecring  i-olumn  and  the 
spark  advaace  lug  on  the 
UaiHpnrker.  This  spark 
advani'c  lug  shoutd  point 
directly  loward  the  Icver. 
The  Rpark  eontrol  lever 
on  Meoring-nh«el  ahould 
be  wíthin  three  notchei  of - 
full  rctard  or  the  upper 
Btop  on  the  Bcctor. 
Ď — ^Remove  the  spark  plug 
in  cylinder  Xo.  1  neit 

Pla.  141— Bcrel  í«r  mo^ntrd  m  pld«       Jo— Bring    the    piaton    in 
Smi  (0.lll«»  ^'>-   1   •^."'"•dcr   up  ex- 

actly     to     bigh     dead 
center   at   top   of  compresBion  stroke. 

Timing  the  Engine 

1 — Slaek  off  the  three  bolta  holding  the  Uniaparker  braeket,  m 

as  to  leave  geara  out  of  mesb. 
2 — Remove   cap  of   Uniaparker,   rotate   distributor   block   on   top 

of  ahaft  eouDter-clockwiae  until  it  pointa  to  the  right  at  rigfat 

anglea  to  the  engine. 
In  performing  tbis  operation  tbc  ahaft  ahould  be  tumed  very 
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^lowly  and  stfadilj  untíl  a  diek  íb  heard.  The  Bparh  produeed 
by  tliG  Uniaparker  occiirs  eimultaaeously  with  thia  diek,  anil  hold- 
ing the  ahaft  tightly,  the  bracket  ahouJd  be  pushed  toward  thc 
gpar  cover  to  mcsh  the  gears  in  tbe  exact  position  at  which  the 
cHck  occurrcd.     The  three  bolts  which  bold  the  bracket  in  poai- 


Plg.   14S—T»pe  H  Alu 


tlon  then  ehould  be  set  up  tight,  thus  elaniping  the  Uniaparker  in 

If  in  mcshing  thc  gcara  the  position  of  thc  vcrtiral  shaft  is 
Buch  that  two  tecth  mcct  and  the  g^ara  will  not  mcsh,  rotatc  thc 
vŕrtieal  ahaft  back  in  a  clockwis?  direetion  juat  sufficient  to 
cnable  the  teeth  of  the  bevel  gears  to  meah. 

If  timcd  aceording  to  these  direclions,  thc  apark  of  the  Uni- 
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sparker  will  occur  exactly  on  center  when  the  spark  advance  rod 
Í8  within  two  or  three  notches  of  full  retard. 

Before  proceeding  with  the  wiring,  complete  mechanical  instal- 
lation  thus: 

1 — Kopiace  the  radiátor  as  follows: 
a — Set  radiátor  in  position. 
b — Connect  upper  and  lower  water  couplings.     Note  that  gas- 

kot  is  in  good  condition. 
c — Bolt  radiátor  in  plače,  taking  čare  not  to  set  up  springs 

under  the  bolts  too  tightly. 
d — Replace  cotter  pins  in  lock  nuts. 

c — Connect  brace  rod  from  dash  to  radiátor,  screwing  it  first 
into  radiátor  and  then  tightening  up  lock  nut  at  dash. 
2 — Replace  lamp. 
3 — Replace  spark  plug  in  No.  1  cylinder. 

Mount  Atwater  Kent  coil  on  center  of  dash  so  that  the  round 
head  of  the  brace  rod  fits  in  the  space  counter-bored  for  it  on 
the  back  of  the  coil.  The  necessary  screws  for  mounting  the 
coil  on  the  dash  are  provided  with  the  *utfit.  After  mounting 
the  coil  the  remainder  of  the  installation  is  the  samé  as  for  the 
typ?  K-2  systém  and  the  samé  instructions  may  be  followed  from 
this  point  on. 


CHAPTER  XV 

ie  High-Tension  Magneto  for  Fords 

To  prepare  the  car  for  installation  of  the  Dixie  high-tension 
magneto  for  Fords,  first  remove  the  hood.  Open  peteock  and 
drain  radiátor.  Disconnect  radiátor  brace  rod  and  push  it  back 
partly  through  the  dash  out  of  the  way  of  f  uture  work.  Disconnect 
gas  piping,  or  sockets  and  lámp  wiring,  if  the  machine  has  electric 
lighting  equipment,  leaving  lámp  parts  free. 

Next  remove  the  radiátor  by  taking  out  nuts  holding  it  to  the 
frame  and  disconnecting  the  vrater  connections  from  their  clamp 
couplings  at  the  engine.  The  nert  step  is  to  remove  the  fan  and 
eonnections.  Before  starting  this  it  is  important  to  see  that  the 
pin  holding  the  fan  pulley  is  in  a  perpendicular  position.  This 
can  be  done  easily  now  that  the  crank  is  on  the  engine.  The  pin 
mušt  be  over  the  hole  in  the  engine  base  to  be  in  position  to  be 
driven  through  it. 

Remove  the  bolt  holding  the  fan  bracket  at  engine  and  lift  out 
fan  and  fan  unit.  Brive  out  the  pin  holding  the  clutch  end  of  the 
starting  crank  and  pull  away  the  crank. 

With  pliers  remove  the  cotter  pins  holding  the  fan  pulley  in 
position,  and  with  an  ordinary  punch,  drive  the  pin  through  the 
hole  in  the  bottom  of  the  engine  base  previously  mentioned.  A 
smart  blow  on  the  pulley  will  free  it  from  the  crankshaft.  Now 
remove  the  spark  advance  rod  at  the  steering  post  and  timer. 
Pree  timer  wires,  following  their  lines  to  dashboard,  where  all 
wires  are  disconnected  and  timer  and  wiring  are  free  from  the 
car.  Next  remove  the  eight  screws  holding  the  timing  gear  front 
plate  to  the  engine  and  carefully  locate  the  position  of  each,  as 
they  will  be  used  for  new  plate.    See  Fig.  143. 

Driving  Geart  and  Magneto 

Before  putting  the  old  plate  aside,  také  felt  packing  from  the 
crankshaft  bearing  and  camshaft  timing  gear  stud  housing.  The 
Bixie  high-tension  magneto  outfit  having  in  the  meantimc  been 
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unboxeil,  this  pBpkÍDg  immeilÍBlely  cbb  be  replaced  corresponil- 
idgly  in  the  new  plale.  The  varioua  parta  of  the  outGt  are  ahown 
in  Fíg.  144. 

With  the  fclt  parking  alroady  teferteii  to  Stting  sQUgtj  in  the 
new  houaing  anil  bcaring,  nll  aurfacca  thorougiily  olpan  and,  pref- 
erably  a  new  gaaket  well  shcllaokcil  on  bcilh  HÍdra,  proci-ril  by 
plaring  the  new  largc  ilriving  gear  agninst  thp  face  of  the  timing 


Flp.  14a— Tfcr  oid  iirarrorcr  mu. I  br-  r.  f.lnr.d 
HH/fi  Ihe  HCT  OHr  thuKH  in  ľiu.  144 

gpar,  at  the  game  time  being  siire  that  the  ulottcJ  eml  of  the  gear 
fitH  over  the  flat  siile  of  tlie  timing  gear  clamping  nut;  this  acts 
aa  a  cirive  for  the  Splililorf  large  gear,  Xow  lork  the  Rear  ípcurely 
with  the  loek  washer  anil  castellatr<l  nut  furiiinheil;  this  nut  muat 
be  Hľrewe<t  on  the  stu<l  with  slots  againat  the  gear.  Now  lork 
the  whole  with  the  cotter  pin  proviiled  with  the  outflt. 

At  this  time  see  that  the  new  gears  are  greascl  thoroughly  with 
non-t1uÍ<l  oit.     The  new  plate  will  be  fouml  to  linc  up  perfectly. 
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Štart  &11  Borews  prcvíoiialy  romovpd,  in«1ui1ing  the  new  Bcrewi 
furniBhcil,  ínto  their  rplative  positions,  with  thc  cieeption  of  tbe 
fan  sercn,  and  tiglitcn  u]>.  Rrmovc  thc  fan  bclt  tightener  frora 
the  olil  i'lato  an<l  |ilarc  it  in  )ioaitÍi>n  in  tlie  new  housing.  Be 
■ure  thÍB  nut  íi  ti^ht. 

Before  rejilacing  the  niaKneto  on  itľ  banp  tlie  nut  holding  tbe 
magnete  coupling  shoulil  I>e  turnei]  back  a  few  turns  lo  permit 
the  magnelo  coupling  to  turn  írcely  on  thc  matpioto  Rhaft. 

Heplace  Ihe  starting  rrank  and  bring  the  piston  of  No.  1  cyl- 
inder to  tbc  top  dcad  center  of  thc  compreasion  atroke,  place  the 


magnete  on  íta  base  nith  thc  dowel  pina  in  tbc  boUBÍng  fltting 
properlj  in  the  matcneto  base  and  at  the  samé  tíme  slide  the  pins 
of  thc  coupling  into  the  holes  in  the  leather  disk  of  the  other  hnlf 
of  the  magneto.  Now  reniove  the  diatributor  Idock  from  the 
magnete  bv  looítening  the  thumb  nuta  and  turning  the  clamps 
aside. 
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Benave  the  eover  of  the  breaker,  exposing  the  vhole  breakcr 
mechaniam,  &nil  plače  the  timing  lever  in  the  fuUj  retarded  poši- 
tion.  Turn  the  distributor  gear  uotil  tbe  platinum  pointa  oí  the 
breaker  are  about  to  separáte.  lo  thia  position  drivc  tbe  coupling 
on  the  magneto  ehaft  with  a  Bharp  tap.  Secure  tbe  coupling  in 
poaition  by  the  nut  on  the  magneto  Bhaft. 


Flg.  146 — WlriHO  dlagníH  for  eonnectino  a  DUie  nagnelo 

After  replariiig  the  magneto  on  ifs  base,  secure  it  in  poslfion 
with  the  clampn  and  rlamp  hoH.  The  complele  installation  is 
showo  in  Fig.  14.'). 

Wiríng  tfae  Magneto 

The  cables  leading  from  the  siiark  plugs  to  the  distributor  block 
mnat  be  connecteil  to  the  distributor  block.  Note  that  the  Gring 
order  of  Ford  eogines,  counting  ths  cjlinders  from  the  radiátor 
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is  1-2-4-3;  No.  1  plug  firing  first.  No.  2  second;  No.  4  third,  and 
No.  3  fourth. 

Connect  the  cablo  leading  from  the  spark  plug  of  No.  1  cjlinder 
to  the  terminál  on  the  distributor  block  which  is  in  line  with  the 
segment  on  the  distributor  disk.  The  cablc  from  the  spark  plug 
of  the  second  cylinder  should  bc  connccted  to  the  next  terminál 
to  the  left.  Connect  the  spark  advance  from  the  lever  end  of  the 
stcering  post  to  the  magneto  by  the  long  connecting  rod  to  the  beli 
crank  on  the  housing  and  beli  erank  link  to  the  brass  rod,  lever  and 
link  to  timing  on  magneto.  A  bracket  intended  to  hold  the 
cables  in  position  is  fastene<I  to  the  motor. 

Now  reniove  the  coil  box  from  the  dash  and  all  the  old  igni- 
tion  wiring  eonncctions  and  use  the  plate  supplied  with  the  outfit 


Fig.  147 — Intcrior  ricw  of  breakcr  box  on  DUtie  magneto, 

uHth   CO  ver  removeá 


to  cover  the  wiring  holes.  Cut  a  circular  hole  in  the  dash  for 
the  Dixie  magneto  switch  convenient  to  the  driver's  position. 
(  onnect  the  long  wire  to  the  grounding  stud  on  the  cover  spring 
of  the  Dixie  magneto,  and  at  '^ Magneto"  on  the  switch,  connect 
the  short  wire  at  '^Ground"  on  switch  and  steering  post  mount- 
ing  on  the  back  of  the  dash.    See  wiring  diagram,  Fig.  146. 

Replace    the    radiátor    and    eonncctions.      Refill    the    radiátor, 
examine  the  spark  plugs  and  set  the  spark  plug  pointa  .20  to  .25 
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ineh,  using  the  gage  on  the  screwdriver  supplied  with  the  outfit 
for  that  purpose. 

With  the  switch  lever  in  the  magnete  position,  and  the  spark 
lever  about  a  third  advanced,  crank  with  a  quick  snap  over  the 
compression.    If  properly  timed  the  engine  should  run. 

C«re  of  the  Dizie 

* 

The  beprings  of  the  magnete  arc  provided  with  oil  cups,  and 
a  few  drops  of  light  oil  every  1,000  miles  are  sufficient.  The 
breaker  levcr  should  be  lubricated  every  1,000  miles  with  a  drop 
of  light  oil,  applied  with  a  toothpick.  The  proper  dištance  be- 
tween  the  platinum  points  when  separated  should  not  excecd  .020 
or  1/50  inch.  A  gage  of  the  proper  size  is  attached  to  the  screw- 
driver furnished  with  the  Dixie.  The  platinum  contacts  should  be 
kept  clean  and  properly  adjusted.  Should  the  contacts  become 
pitted,  a  fine  filé  should  be  used  to  smooth  them  to  permit  them 
to  come  into  perfcct  contact.  A  v^ew  of  the  breaker  with  the 
cover  removed  is  shown  in  Fig.  147. 

The  distributér  blook  should  be  removed  occasionally  and  in- 
spected  for  an  accumulation  of  carbon  dust.  The  face  of  the  dis- 
tributor  disk  should  be  cleaned  with  a  cloth  moistcned  with 
gasoline  and  then  wipcd  dry  with  a  clean  cloth.  Do  not  puU  out 
the  carbon  brushes  in  the  distributér  because  you  think  there  is 
not  enough  tension  on  the  small  brass  springs. 

To  obtain  the  most  efficient  results  with  the  Dixie  magneto  the 
normál  setting  of  the  s))ark  plug  points  should  not  excecd  .025 
inch  and  it  is  advisable  to  háve  the  gap  just  right  before  a  spark 
plug  is  inserted.  The  spark  plug  electrodes  may  be  set  easily  by 
the  gage  attached  to  the  screwdriver  furnished  with  the  Dixie  mag- 
neto. The  setting  of  the  spark  plug  points  is  an  important  fync- 
tion  which  usually  is  overlooked,  with  the  result  that  the  magneto 
is  blamed  when  it  is  not  at  fault. 

Faulty  ignition  may  be  due  to  various  causes,  and  a  careful  in- 
spection  should  be  made  to  ascertain  whether  the  spark  plugs  or 
magneto  require  attention. 

A  spark  plug  may  be  short-circuited  by  a  piece  of  carbon  be- 
tween  the  electrodes  and  body  of  the  plug.  Removing  the  carbon 
particles  will  remedy  this  at  once. 


CHAPTER  XVI 

Bosch  Magnetos  for  Fords 

THE  first  procedúre  in  installing  the  gear-driven  Bosch  mag- 
neto  on  a  Ford  car  includes  removing  the  hood,  draining 
the  water  from  the  radiátor,  removing  the  coils  from  the  dash* 
board  and  loosening  the  holding  nut  of  the  radiátor  rod  at  the 
radiátor  end.  After  detaching  the  water  iniet  and  outlet  con- 
nections  at  the  engine  and  disconnecting  the  priming  wire,  as 
well  as  the  gaa  or  electric  connections  to  the  headlights,  the  radi- 
ator  itself  is  to  be  lifted  oíf  and  the  fan  assembly  and  belt 
removed,  leaving  the  forward  end  of  the  engine  clear. 

Next  to  be  removed  are  the  aetuating  rod  leading  from  the 
foot  of  the  steering  column  to  the  timer,  the  bolt  and  spring 
holding  the  timer  in  plače  and  the  timer  čase  with  contacts,  as 
well  as  the  wires  leading  thereto,  all  of  which  may  be  discarded. 
The  hexagon-headed  nut,  washer  and  eotter  pin  holding  the  timer 
brush  assembly  are  to  be  removed  and  the  arm  and  roller  pried 
off  with  a  screwdriver. 

The  eotter  pin  at  each  end  of  the  crankshaft  starting  pin,  on 
the  inside  of  the  lower  fan  pulley,  is  to  be  withdrawn  and  the 
pin  itself  driven  out  through  the  opening  in  the  engine  support. 
The  starting  handle  or  crank  then  is  to  be  removed  and  the  lower 
fan  pulley  pried  loose  by  two  screwdrivers  placed  behind  it,  onc 
on  each  side.  In  order  that  the  fan  belt  may  clear  the  Bosch 
gear  housing,  a  new  fan  drive  pulley  A — see  Fig.  148  for  parta 
composing  the  gear-driven  outfit — is  to  be  substituted  for  the  old 
one  and  the  originál  crankshaft  starting  pin,  with  eotter  pin  at 
each  end,  is  to  be  used  to  secure  it  in  place.  Should  the  ends  of 
the  pin  project  beyond  the  rim  of  the  new  pulley,  thcy  are  to  be 
filed  down  flush.  The  fan  belt  and  starting  crank  then  are  to 
be  replaced. 

The  key  B  for  the  large  Bosch  gear  is  to  be  set  in  place  on  the 
camshaft  after  first  enlarging  the  hole  in  the  protruding  end  of 
the  shaft  by  the  y^-inch  drill  C,  furnished  with  the  attachment. 


BOSCH  MAONETOS  FOR  PORDS 


201 


Any  burr  left  by  the  tlrill  is  to  be  filed  down  before  placing  the 
key  in  position. 

The  secoud  and  third  bolts  holding  the  crankcase  on  the  valve 
side  of  the  engine  are  to  be  removed,  also  the  cylinder  front 
cover  tap  bolt  immediately  to  the  right  of  the  camshaft.  The 
three  bolts,  two  vertical  and  one  horizontál,  at  the  base  of  the 
cylinder  front  cover  and  to  the  left  of  the  starting  crank,  are  to 


(8)   ®  «EB^      S^^^*^2 
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Fig.  148 — Entire  gear-drivcn  Bosch  outflt  f  or  Forás  dissemhled 

be  removed  and  their  heads  ground  down  about  half  way  so  aa 
not  to  interfere  with  the  placing  of  the  Bosch  gcar  housing. 

To  provide  sufficient  clearance  for  the  idler  section  of  the  Bosch 
gcar  housing  D,  an  opening  about  2  by  3  inches  is  to  be  cut  in  the 
engine  pan  directly  beneath  the  housing,  the  exact  location  and 
size  of  the  opening  being  determined  by  applying  the  housing 
loosely  to  the  engine,  first,  however,  attaching  to  the  housing 
the  magneto  supporting  bracket  E,  using  for  the  purpose  the  two 
hexagon-headed  cap  screws  F  and  washers  G.  The  positions  of 
the  four  bolts,  2,  securing  the  magneto  to  its  supporting  bracket 
are  to  be  marked  off  on  the  engine  pan  and  a  hole  about  one 
inch  square  cut  at  each  point  so  that  the  magneto  may  be  removed 
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at  any  time  after  completion  of  the  initKlIatíon  mcrely  by  dU- 
coDDectíng  thc  couplini;  aDd  withdrawing  the  four  niagupto  boItB, 
2.  The  cutting  of  tbe  openiaga  in  the  pan  m&y  be  done  with  ham- 
mer  and  cold  chUel  aad  aa  ordinary  jack  uBed  to  support  the  pan 
during   the   operatioa. 

If  these  detnils  are  exocutcd  propcrly  the  goar  houaing  and  mag- 
neto  bracket  should  drop  readily  iato  [•osition,  >'ig.  149.  ThÍB 
being  asaured,  the  magni-to  eml,  1,  of  thc  roupling  ía  to  be  le- 
cured   to   the   magueto   shaft   by   the   nut,   waaber   and   creflcent- 


Flg.  141) — \olhlBg  of  rital  Importancr  la  tiir  Fori  rmolne  I* 
ditturbfil    tn    itittallina    altarliminl 

shaped  Wooilruff  key  acrompanylng  thp  mB|;npto.  The  magneto 
íh  to  be  Bocurcil  to  its  Bupporting  bracket  by  the  four  bolta,  2, 
with  loek  waBherB,  3,  and  thc  niagneto  end,  1,  of  the  eoupling 
ia  to  he  ronnei'ted  with  the  bolt  end,  4,  of  thc  ruupling  by  the 
four  slotled  hexagon-headed  bolts,  5,  and  teather  center  coupling 

la  aBBembling  the  coupiing,  it  ahould  be  rcmemberei]  that  the 
leather  center  piecc,  6,  íb  intended  to  alTord  a  flciible  drive  from 
the  gears  to  the  magneto,  so  as  to  compensate  for  any  slight  irregu- 
larities  in  alignment.     To  secure   the   fleiible  drive  effcct,  how- 
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e  ver,  the  two  ílanges  of  each  coupling  end,  4  and  1,  mušt  be  bolted 
directlj  to  the  leather  center  pieee  at  right  angles  to  each  other 
or,  in  other  words,  the  ílanged  ends  mušt  be  set  crosswise  one  to 
the  other,  using  all  four  bolts  provided  for  the  purpose.  Under 
no  circumstances  should  the  flanges  of  the  two  coupling  ends 
bc  bolted  directly  togcther,  that  is,  in  a  straight  line  using  only 
two  bolts,  as  šuch  an  arraugement  would  give  a  rigid,  not  a  flexible, 
drive. 

The  Bosch  gear  housing  cover,  7,  and  large  gear,  8,  then  are  to 
bc  removed  and  the  entire  attachment  mounted  on  the  engine  and 
held  loosely  by  the  four  supporting  bolts,  one  9  and  one  10,  for 
the  gear  housing  and  two,  10,  for  the  magneto  bracket,  the 
former  two  being  partially  (ightened. 

It  Í8  possible  that  slight  inequalities  in  the  engine  casting  may 
interfere  with  the  proper  alignment  of  ^the  Bosch  outfit,  so  that 
special  čare  is  to  be  taken  that  both  lugs  of  the  magneto  bracket, 
£,  bear  on  the  flange  of  the  crankcase  and  that  the  two  holes  in 
the  bracket  lugs  register  with  those  in  the  crankcase  Aange.  Any 
irregularities  which  exist  may  be  corrected  readily  by  slightly 
filing  the  face  of  the  Ford  oil  cup  casting,  or  the  shouldcr  of  the 
Bosch  gear  housing  resting  thereon,  or  by  placing  washers  under 
both  lugs  of  the  magneto  bracket. 

Tiiiiiiig  the  Magneto 

The  dust  cover  over  the  magneto  armatúre,  also  the  slipring 
brush  holder  farthest  from  the  engine,  are  to  be  removed  now  and 
the  piston  of  No.  1  cylinder,  that  nearest  the  radiátor,  brought  on 
top  dead  center  of  the  compression  stroke  and  niaintained  so. 
The  magneto  armatúre  is  to  be  turned  by  hand  by  its  coupling 
in  the  direotion  in  which  it  is  to  be  drivcn  until,  first,  the  metal 
slipring  segment  is  visible  in  the  slipring  groove  corrcsponding 
to  the  figúre  "1"  of  the  brush  holder  which  has  been  removed 
and,  second,  the  trailing  end  of  the  armatúre  is  about  Vs  inch 
from  the  pole  shoe  on  the  right  side  of  the  magneto,  viewed  from 
the  shaft  end.  The  i^o-inch  dištance  should  be  measyred  as  shown 
by  the  letter  "E^'  in  Fig.  150.  With  the  armatúre  held  in  this 
position,  the  large  gear,  8,  is  to  be  slipped  into  plače  on  the  cam- 
shaft  and  meshed  with  idler  gear,  11,  čare  being  taken  to  see 
that  the  piston  of  No.  1  cylinder  has  not  moved  from  the  top 
dead  center  position. 
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It  is  important  that  the  gears  should  not  mesh  too  tightly  and, 
after  tightening  both  bolts  supporting  the  housing,  it  should  be 
seen  that  there  is  approximately  the  samé  play  between  the  large 
gear  and  the  idler  gear  as  between  the  idler  and  the  small  mag- 
neto  gear.  In  čase  the  large  gear  meshes  too  tlghtly  the  two 
bolts  supporting  the  gear  liousing  agaiu  should  be  loosened  antl 
the  entire  housing  shifted  sli^htly  to  the  left^  which  may  be  done 
quite  readily  as  the  two  bolt  holes  in  the  gear  housing  are  a 
triíle  oversize.  In  like  manner,  the  housing  should  be  shifted 
slfghtly  to  the  right  in  čase  it  is  found  that  the  gears  8  and  11 
mesh  too  loosely. 

With  the  adjustmcnt  of  the  gears  corrcct^  the  tw^o  gear  housing 
supporting  bolts,  as  well  as  the  two  bolts  securing  the  magneto 
bracket  to  the  crankcaso,  are  to  be  permancntly  tightened,  using 
for  the  two  bracket  bolts  the  originál  Ford  nuts,  and  new  lock 
washers,  3.  The  originál  nut  and  washer  also  are  used  on  the  end 
oí  the  camshaf  t  to  retain  the  large  gear,  8.  The  gear  housing.  D, 
is  to  be  packed  with  a  good  quality  grease  or  non-ílui<l  oil  and, 
after  carefully  fitting  the  paper  gasket  12,  the  gear  housing  cover 
7  ift  to  be  secuŕed  in  plače.  Buring  operation,  the  grease  cup,  14, 
of  the  Bosch  gear  housing  should  be  given  a  turn  every  day 
and  the  cup  itself  filled  with  grease  whenever  oil  is  supplied  to 
the  oil  cup  on  the  Ford  cylinder  front  cover. 


Cable  Connectiont 

The  slij»ring  brush  holder  and  the  dust  cover 
over  the  magneto  armatúre  are  to  be  rejdacod 
and  the  four  high-tension  cables  connected  as 
f  ollows : 

Tho  cable  marked  *  *  1 "  in  the  brush  hohler 
farthest  from  the  en  gine  is  to  be  connected  to 
No.  1  cylinder,  while  the  cable  marked  **2"  in 
the  samé  brush  holder  is  to  be  conne<-tod  to  No. 

2  cylinder.  The  cable  marked  *  *  1  * '  in  the  brush 
holder  nearest  the  engine  is  to  be  connected  to 
No.  4  cylinder,  while  the  cable  marked  *  *  2  * '  in 
the  samé  brush  holder  is  to  Ik?  connected  to  No. 

3  cylinder.     See  Fig.  151. 

The  íiring  order  of  the  Ford  rngine  is  1-2-4-3. 
AU  cables  are  to  be  led  under  the  arch  of  the 


Fig.    150  —  Where 

the    mca^urrmcnt   B 

i>  taken 
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DiagTieto  mafifn^ts  and  through  cable  ^ide  15,  supported  bj  bracket 
16,  the  latter  bcing  seeured  to  the  engine  by  the  middle  cylinder  head 
bolt  on  the  magnete  side.    See  Fig.  152. 

Completing  Inntallation 

After  engaging  the  short  connecting  rod,  17,  with  the  arm  of  the 
interrupter  houRÍng  and  securing  it  in  plaee  by  washer  and  cot- 
ter  pin,  the  advance  bracket,  18,  is  to  be  set  across  the  first  two 
studs  holding  the  iulet  and  exhaust  pipe  clamps  and  is  to  be  se- 
curtMl  to  the  clamp  with  the  originál  nuts.  If  necessary,  the 
shoulders  of  both  clamps  are  to  be  filed  down  to  permit  the  nuts 
to  fastiMi  properly  on  the  studs.     The  long  connecting  rod,   19, 


Fig.  151 — Wiring  diagram  of  Dl'4  magneto  /or  geor-driren  Boach 

attachment  for  Fords 

passing  across  the  front  of  the  engine,  is  to  be  engaged  with  the 
balí  joint  of  the  foot  of  the  steering  column  to  which  the  timer 
rod  originally  was  connected. 

The  fan,  pulley  assembly  and  belt  are  to  be  replaced  in  their 
former  position,  after  first  placing  spacing  washer  20  in  back  of 
the  driven  fan  pulley  to  align  it  with  pulley,  A,  on  the  crank- 
ahaft.    See  Fig.  153. 

The  face  of  the  hole  in  the  dashboar^  through  which  the  radia- 
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tor  rod  passeB  íb  to  be  alight);  countenunk  to  receive  the  head 
of  tlie  rod  and  permit  metal  plate  SI  to  sot  snugly  agsinst  the 
dash,  covering  tlie  holoa  Ipft  by  the  coil  boi,  The  Bo8«h  key 
an-itch  22  algo  íb  to  be  fitted  an J  ronnectťd. 

In  view  of  refinemťnte  incorporatcd  in  Ihc  latcr  Foril  tnodels, 
the  BoBľh  instalIntionE  od  euch  models  dilTer  Bli^htly  from  thoBe 
on  llie  earlier  models.  The  poínts  of  dilTerľnpe  arc  tvio,  namely, 
n  mi'tal  tlaiih  plate,  nith  a  curve  cut  out  of  the  lower  ŕilRe,  in  sup- 
plied  in  plače  of  tbc  ilash  plate  used  on  carlier  modelu  and  is  se- 


eured  to  the  dash  by  the  four  bolta  used  for  neeurin);  the  coil. 
The  otlier  point  ii  that  the  originál  csble  lietween  the  terminál 
on  the  Ford  mat;iieto  and  the  coil,  bIho  the  colile  lietween  coil 
and  litchting  switeh,  is  to  be  disľarded,  and  a  new  low-ten»Ĺon  eable 
is  to  be  conneeted  directly  between   the  generátor  and  ligbting 
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switch,  the  terminál  end  being  attaohed  to  the  flywheel  generátor 
and  the  other  end  to  the  lighting  switch. 

The  radiátor  Í8  to  be  retiirned  to  place  an(\  all  bolts  securing  it 
and  its  water  inlet  and  outlet  oonnections  tightened  up,  first, 
however,  applying  a  coat  of  shellac  or  whitc  lead  to  the  gaskets 
between  the  water  connections  and  the  engine.  After  reíilling  the 
radiátor  the  engine  may  be  started  and  teated  and,  if  O.  K.,  the 
connections  to  the  headlights  are  to  be  replaced. 

During  the  engine  test,  the  operation  of  the  gears  especiaily 
should  be  noted.  If  during  operation  the  gears  give  rise  to  a 
high  pitched  ring,  tha  indications  are  that  they  háve  been  meshed 
too  tightly,  while  a  rattling  noise  indicates  gears  meshed  too 
loosely.  Either  condition  should  not  be  allowed  to  continue  but 
should  be  corrected  in  accordance  with  the  instructions  under  the 
heading  Timing  the  Magneto. 

Under  proper  conditions  the  engine  can  be  started  on  the  mag- 
neto with  the  spark  fuUy  retarded,  but  when  the  magneto  is  set 
according  to  the  instructions  the  spark  lever  may  be  safely  ad- 
vanced  about  half  and  in  this  position  will  perniit  easier  štart- 
ing.  The  proper  gap  betweon  electrodes  of  spark  plugs  on  Ford 
machines  is  ^^  ihch  and  it  should  be  seen  that  the  gaps  are  main- 
tained  thus  to  insure  the  best  operating  results. 

The  timing  arrangement  suggested  results  in  ignition  taking 
place  when  the  piston  is  at  top  dead  center  of  its  compression, 
or  working,  stroke,  the  spark  lever  being  fully  retarded.  With 
this  setting  the  best  results  are  obtained  on  a^Ford  car,  making 
it  posaible  for  the  engine  to  idle  down  to  especiaily  low  speed 
and  at  the  samé  time  perniitting  the  development  of  maximum 
power  at  both  high  and  low  eugine  speeds. 


Bosch  Key 

To  permit  the  cutting  off  of  the  ignition  and  locking  it,  the 
Bosch  key  switch  is  provided  with  the  outíit,  an<l  is  attached  to 
the  dashboard  after  the  metal  plate  has  been.  secured  in  place. 

The  long  low-tension  wire,  24,  is  attached  to  the  grouuding 
terminál  on  the  cover  of  the  magneto  intcrruptcr  housing  and 
brought  through  cable  guide  15  to  the  thunib  screw  at  the  end 
of  the  switch  barrel.  The  short  low-tension  wire,  2/5,  is  led  from 
the  thumb  screw  on  the  collor  clanip  of  the  switch  and  attached 
to  one  of  the  bolts  of  the  steering  gear.     When  the  switch  but- 
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ton  or  kpy  Íb  turncil  a  qiiarter  turn  to  the  right  or  left,  Ihe  primáry 
ÍH  not  groiinilľil  and  Ihe  Diatcneto  protlucŕs  rurrent.  To  cut  ofT 
thr  ignilion,  Ihe  awilch  button  or  k(?y  is  turiipil  in  the  opposite 
ilirection  until  rŕlpBBľil,  when  tlie  primáry  current  ia  grounded 
and  tbo  magncto  ia  nia<le  iuoiicrative. 

Ckúi-Driveii  BoBcb  Magnete 

In  the  inatallation   of  the  rhain-driven  outflt   the  prelimiDary 


work  from  removal  of  the  radiátor  to  rcmoval  of  the  timer  íb  the 
aanio  as  with  the  t(ear-drivcu  outGt. 

Proceeding   further,   the   aecond   and   fourth   bolta   holding  the 
cr&nkease  at  the  right  aide  of  the  engine,  viewed  from  in  front 
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nf  thŕ  car,  are  fo  bo  rcmove.l  arnl  llip  niagneto  hracket,  A,  Fig. 
154,  ptaveU  in  position,  bollti  B  holiling  thc  brackct  at  íts  r.vie 
and  the  bolt  C  hol<IÍnK  tlie  cxtcnsion  sup|>ort  or  arm  to  Ihe  Tear 
ol  thc  cBsting  to  whieh  the  cylinder  froiit  ťover  ia  accured.  Tho 
bolt  C  takca  thc  plare  of  the  fan  braikpt  holt. 

It  is  possiblc  that  the  face  of  the  caating  to  which  the  eiten- 
sioD  BUpport  of  tlio  Bo8ch  bracket  is  to  be  fantcned  may  be  rough 
SDd  unevcn.  If  io,  a  few  rube  witli  a  filé  nill  provide  a  solic)  and 
smooth   fit  for  the   face  of  the  bracket. 

Dríving  gear  D  íb  to  be  keyed  to  thc  camshaft  by  the  apeoial 
Vey  B,  Fig.  148,  first,  howcver,  enlarging  the  liole  in  the  end  of 
the  Bhaft  by  thc   jS-inch   drill  C,  aa  in  tbc  gcnr-driven  installa- 


Fig.  154— rftc  part 


of  U 


tion.  The  heiagon  nut  and  washer  used  originally  to  Berure  the 
timer  bruah  asaembly  are  to  be  employed  to  hold  the  gear  to  its 
ahaft. 

The  hexagon-headed  tap  bolt  holding  the  cylinder  front  cover 
immcdiately  to  the  right  of  thc  canialiM  should  havc  ita  head 
groand  down,  Icaving  it  %-inľh  thick.  Vari  of  the  projeeling  rib 
oť  the  cylinder  front  cover  directly  hehind  thc  atarting  handlc, 
alao  the  lug  on  the  bottoni  of  thc  fan  hracket,  ahould  bc  filed 
away   ao  bb  to   leavc  propcr  clcarance   for   thc   magneto  driving 
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The  small  gcar  F,  Fig.  154,  is  to  bp  socurpa  to  tbc  magneto 
shaft  hy  thc  nut,  washer  an<l  crescent-Bhaped  Woodruff  key  ac- 
companying  the  magDeto.  The  magneto  then  íg  to  be  set  úpon 
thr  bracket  A  and,  after  timing  it  to  the  enginp  bs  with  tbe  gear- 
ilriven  outfil,  the  chain  is  to  bc  ellpped  into  plače  over  tho  geara 
D  antl  P,  thc  four  holding  bolts  O  being  employed  to  secure  the 
magneto  in  poaitioD. 

Carc  should  be  taken  that  the  magneto  is  set  parallel  with 
thp  ramahaft  and  that  the  two  drivc  gesrs,  D  and  F,  are  aligncd 
properly. 

Tbe  instructions  for  connecting  tlie  cablcs  of  the  gear-driven 
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attarhmpnt  npply  alBo  to  thc  rliain-drivcn  attachmcnt,  hut  it 
shoultl  be  notcd  that,  as  the  magneto  loeations  in  thc  two  installa- 
tions  are  different,  thc  niring  for  thc  chain-driven  outfit,  when 
romplftpd,  will  diíFer  somcwhat  from  thc  otber,  that  is,  the  right 
brush  holder,  ínatcad  of  the  Icft,  will  be  cannectcd  to  rylinden 
Kot.  I  and  2,  while  the  Icft  brush  holder,  instead  of  the  right,  will 
bc  connected  to  rvlinders  Kos.  3  and  4. 
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The  fitting  of  the  metal  pláte  and  key  switch  is  to  be  carríed 
out  in  the  samé  manner  as  in  the  gear-driven  installation.  In 
connecting  the  timing  rods,  1  and  2,  the  former  is  to  be  engaged 
with  the  balí  joint  of  the  spark  advance  mechanism  at  the  foot 
of  the  steering  column  and  the  latter  engaged  with  the  arm  of 
the  magnet  o  interrupter  housing. 

Waaher  3  is  to  be  placed  in  back  of  the  driven  fan  pulley  to 
set  it  forward  so  that  there  will  be  more  clearance  for  the  fan 
belt,  after  whieh  all  that  remains  is  to  replace  the  fan  assembly, 
radiátor,  etc,  as  in  the  gear-driven  installation  and  the  work  is 
complete.    See  Fig.  155. 

In  conclusion,  it  should  be  noted  that  the  remarks  relating  to 
the  starting  of  the  engine,  timing  arrangement  and  proper  spark 
plug  gap  apply  also  to  the  chain-driven  Bosch  Ford  attachment. 


CHAPTER  XVn 

Vibrator-Les  Ignition  for  Fords 

A  N  ignition  systém  eliminating  the  vibrating  type  of  eoil  and 
conventional  timer  is  made  by  the  New  York  Coil  Co.,  New 
York.  One  of  its  many  advantages  is  that  a  rapid  and  positive 
mtcrruption  of  the  primáry  current  is  obtained  without  sacrificing 
the  possibility  of  thoroughly  saturating  the  primáry  windings  of 
the  coil.  The  eoil  is  of  the  non-vibrating  type,  is  specially  wound 
to  obtain  thorough  saturation  of  the  primáry  circuit  and  eliminates 
the  regular  Ford  dash  unit^  whieh  is  replaced  by  a  neat  panel  con- 
taining  a  two-point  switch.  The  new  coil  is  supported  hy  a  special 
bracket  which  is  attached  or  bolted  to  the  studs  of  the-intake  mani- 
fold. 

Intemiption  It  Positive 

The  device  produí'ing  the  break  or  interruption  of  the  primáry 
circuit,  which  is  mounted  ou  an  elevating  gcar  bracket,  is  shown 
in  Fig.  156.  It  is  a  siniple  apparatus,  one  that  is  practically  fool- 
proof,  and  a  construction  that  requircs  no  attcntion  other  than  an 
occasional  ailjustment  of  the  contact  points.  The  operation  of 
the  breaker  is  novel,  as  it  combines  magnetic  and  mechanical  ac- 
tion,  one  checking  the  other,  and  the  possibility  of  the  points 
fusing  or  sticking  is  eliminated.  This  is  an  advantage,  partica- 
larly  when  the  engine  is  started  by  manuál  cranking. 

How  Breaker  b  Made 

The  breaker  includes  an  armatúre,  D,  carrying  a  contact  point, 
li,  Fig.  156.  Directly  under  the  armatúre  is  a  magnet,  E,  con- 
nocted  in  serieš  with  the  primáry  winding  of  the  non-vibrating 
ťoil.  The  member  C  is  supported  at  one  end  by  a  stiff  spring  ar- 
ranged  normally  to  excrt  a  downward  pressure  to  keep  the  contact 
]ioints  soparatod.  The  part  C  also  engages  a  hooked  section  of  the 
armatúre,  f  urther  assuring  norjpial  separation  of  the  contact  points. 
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Breakrng  the  Orcnit 

The  cloaing  of  the  cin-uit,  or  engagement  of  the  eontaet  pointg, 
i:>  obtained  wlien  oue  of  the  four  steel  piua  of  the  rotatiiig  member 
B  eontaets  with  the  niemher  C.  Thja  raisps  the  member  C  and 
nllowH  the  armatúre  D  witli  its  point  to  eontBt't  with  the  flieil 
point  L,  whicb  ia  in  the  form  of  a  Ncrew.  Thís  SFrew  ia  carrieii  in 
u  support,  and  the  former  ig  slutteil  ao  that  it  ia  a  simple  matter 
to  make  sny  required  adjustmenta. 

The  circuit  ia  completed  throu£h  the  magnet  E  wheo  the  con- 
lat^t  pointa  meet,  aml  the  magnet  ia  so  euergized  and  the  circuit  ao 


Flg,  ír,(t~-Top  ľíric  nhotclng  hoir  Tlbra- 
tur-Ltu  coíl  of  -Vi  ic  York  Coil  Vi.  optratrt 

rapldl^  estabtiahed  and  broken  that  a  xhon-er  of  aparks  ia  ob- 
tained from  the  secoinlary  oí  the  coil.  This  nclion  pontínues  dur- 
ing  the  time  the  pin  makea  meehanii-al  contact  with  the  member 
C.  After  the  pin  separates  the  armatúre  assumea  Ihe  jiositíon 
shown  in  the  illuatration,  Ihua  breakiiig  the  primáry  eirriiit  and 
prevpQting  fusing  or  aticking  of  the  pointa  as  previously  ex- 
pl.ln„l. 

The  Vibrator-Lea  aysteín  coraea  complele  with  all  wires,  eables 
with  terminala,  alao  a  tube  for  supporting  Ihe  high-tension  leada. 
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Inttalling  die  Ssrstem 


Ťhe  timer  on  the  engine  is  removed  and  by  taking  oíf  the  nut 
and  prying  off  the  small  collar,  a  pin  will  be  found  which  should 
bo  pushed  or  driven  out  and  then  by  means  of  a  screwdriver  the 
part  carrying  the  roller  and  the  spring  of  the  old  timer  can  be 
pried  off  the  shaft.  The  loose  gear  accompanying  the  new  bracket 
Í9  slipped  on  the  shaft,  the  samé  pin  and  collar  being  used  to  fasten 
the  gear  to  the  shaft.    The  nut  should  be  tightened  securely. 

The  bolt  located  direetly  under  the  oil  filler,  which  holds  the 
end  plate  to  the  crankcase^  is  removed,  as  is  likewise  the  bolt  on 
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Fig.   107 — Wirinif  diagram   o  f  Vibrator-Len   (ffniUon  šyštrm 

/or  Forda 


the  opposite  side.  The  bracket  then  is  placed  in  position,  having 
first  loosened  the  upper  bolt  that  tightens  the  fan  belt.  See  that 
the  bracket  fits  inside  the  centrál  turned  out  surface  of  the  end 
plate  and  by  two  longer  bolts  furnished  with  the  outfit  secare  the 
bracket  in  position.  Čare  mušt  be  exercised  to  see  that  the  brack* 
ets  fit  properly  in  the  turned  out  section.  Due  to  some  variation 
present  in  the  end  plates  it  may  be  necessary  in  some  cases  to  fit 
a  washer  between  the  lugs  of  the  bracket  arms  and  the  end  plate. 
Extréme  čare  mušt  be  exercised  to  draw  up  evenly  on  the  bolta 
and  see  that  the  bracket  fits  readily  into  position.  If  the  bracket 
will  not  go  easily  into  position,  the  lugs  are  likely  to  be  broken 
off  by  careless  handling.  The  bracket  should  be  filled  with  soft 
grease. 
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Timing  tlie  Inštrument 

Disconnect  the  spark  plug  cablos  and  remove  spark  plug  No.  1. 
By  No.  1  is  meant  the  plug  next  to  the  radiátor.  Lay  it  oii  the 
engine  with  the  cable  coniiected  to  the  coil  and  háve  the  spark 
lever  on  the  steering  post  all  the  way  forward  or  in  the  retarded 
position.  Turn  the  engine  carefuUy  until  a  spark  takes  plače  at 
No.  1  plug.  Be  very  careful  to  stop  the  engine  the  instant  the 
coil  begins  to  vibrate.  This  method  is  a  simple  way  of  aseertain- 
ing  the  proper  fíring  position  for  those  not  skilled  in  timing  the 
engine. 

A  múch  more  positivo  procedúre  is  to  havc  an  assistant  turn 
the  engine  until  both  valves  are  elosed^  then  by  looking  into  the 
spark  plug  hole  the  next  half  turn  of  the  craukshaft  will  bring 
the  piston  to  the  extréme  upward  travel  of  its  stroke.  It  is  in  this 
position  that  the  spark  should  také  plače  in  No.  1  cylinder,  which 
may  be  accomplished  by  turning  the  shaft  of  the  distributér  in 
a  counter  clockwise  direction  by  the  two  set  screws,  until  a 
spark  will  jump  ^  in.  from  the  end  of  No.  1  terminál  to  the  metal 
part  of  the  engine.  Of  course,  it  is  understood  that  the  new  ad- 
vance  rod  has  replaced  your  old  one,  that  the  spark  advance  lever 
under  the  steering  wheel  is  in  the  extréme  forward  position  and 
that  the  wiring  is  all  connected.  A  battery  should  be  used  as  a 
source  of  current  in  making  these  tests.  Čare  should  be  taken 
to  tighten  the  set  screws  in  thia  position,  which  completes  the  set- 
ting  of  the  inštrument. 

V^ring  the  System 

The  wiring  is  to  be  exactly  as  shown  in  Fig.  157.  Of  course, 
it  is  understood  that  the  regular  Ford  coil  box  is  removed  and 
the  panel  supplied  eontaining  the  switch  has  been  secured  in  its 
plače.  The  long  wire  attached  to  the  switch  is  run  through  a  hole 
registering  in  the  dash  and  carried  completely  through  the  metal 
tube,  down  to  the  coil  and  connected  to  the  coil  post  marked  S. 
The  magneto  cable  is  connected  to  the  very  short  wire  which  is 
run  through  the  opposite  hole  on  the  dash,  connection  being  made 
by  putting  the  looj^ed  end  of  the  wire  under  the  screw  head  and 
nut  on  the  magneto  terminál.  Ono  primáry  wire  from  the  bottom 
of  the  distributér  terminál  on  which  is  stamped  I  mušt  be  con- 
nected to  the  center  post  on  the  coil  marked  I.  The  other  primáry 
wire  from  the  bottom  of  the  distributér  has  the  terminál  marked 
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C  an<1  niu«t  he  oonnecfej  to  tlip  poat  C  on  the  coil.  The  third 
wirr  i-omiiig  from  tlie  hotlom  of  tlir  ilixtriliuter  linii  its  tt-rminal 
liiiirkiMl  <i.  Thiíi  Is  (■lBni]>cl  liiMlťr  the  roll  lirarkct  betwfŕn  the 
)>ra<>kľt  niiil  the  luanifoUl  to  iiixiirc  a  gooil  Krouail  ronnertion, 
Thť  siM-omlary  wirc  rrom  tlie  center  of  the  <IÍHtrihuter  ia  ron- 
necleil  to  the  poťt  on  the  left  sMe  nf  tlie  eoil. 

The  lAag  terminaU  are  brau};ht  oiit  tlirough  the  metal  rarryíng 
Iiihe  in  the  proper  or<ler  am]  are  eonnccteil  in  direet  rotation  to 


bralor-Lea  IffKlIiirn  agaltm  on  a  Furí 

the  pluRs  as  murkeil,  which  is  1 — 2 — I — 3,  Proper  firíng  oHer  will 
re<<ult,  as  the  pliigs  are  connected  to  the  iliBtributer  in  Bueh  a  man- 
ner  that  the  spark  n'iU  oeiur  iu  the  varinus  ej-linders  in  the  onler 
of  1—2 — 1 — 3,  whiih  is  correet  for  the  Ford  engine.  Do  not  be- 
i-'>me  eonfuseil  on  thia  point. 

The  ľoi!  Í9  secureil  by  removing  the  niits  from  the  two  studi 
holding  the  manifnld  lo  the  eiigine,  neareol  the  radiátor.  The  coU 
braekets  are  slipped  over  the  atuda  and  the  nuts  are  replared,  with 
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the  grouud  wire  uuder  the  forward  clamp.  The  switch  is  on  when 
thť  bottom  of  the  key  pointa  toward  No.  1  point  on  the  switch. 
If  it  should  ever  be  dcsired  to  use  dry  cells  or  storage  battery 
in  connection  with  the  magnete,  a  wire  direct  from  the  battery  is 
carriod  through  the  dash  and  by  removing  the  switch  cover  con- 
nection may  be  madc  undcr  the  scrcw  hcad  to  the  bottom  lug  on 
the  right  side  of  the  switch.  The  other  side  of  the  battery  is  con- 
uectťd  to  the  frame  of  car.  The  complete  installation  is  showu  in 
Fig.  158. 

Adjustmento 

The  instruments  are  adjusted  carcfully  bcfore  loaving  the  fac- 
tory,  and  it  should  never  be  necessary  to  change  the  tension  of  the 
vibrátor  spring  unless  a  new  vibrátor  is  necessary.  AU  adjust- 
ments  should  be  made  by  the  single  adjusting  screw  and  should 
be  šuch  that  when  engine  is  turned  so  that  one  of  the  pins  raises 
the  curved  member  to  its  full  limit  there  should  be  a  space  between 
the  contact  points  the  thiclcness  of  two  sheets  of  writing  paper 
iTvhen  the  armatúre  is  held  against  the  magnet  by  the  íinger. 

It  is  of  great  imx>ortauc'e  that  the  tension  on  the  armatúre 
spring  is  neither  too  weak  nor  too  stiff.  This  tension  may  be  regu- 
lated  by  looseniug  both  the  screws  holding  the  bracket  to  the  base 
that  supports  the  armatúre.  However,  this  should  never  be  at- 
tempted  unless  the  spring  *h  tension  is  too  great  to  allow  the  arma- 
túre to  vibrate  at  low  speed  or  too  weak  to  give  a  suíiiťiently 
|>owerful  spark. 

Several  drops  of  oil  should  be  injected  into  the  oil  cup  twice  a 
week.  However,  do  not  over-oil,  as  any  oil  on  the  contact  points 
will  cause  missing. 


CHAPTER  XVm 

Philbrín  Ignition  for  Fords 

THE  Philbrín  ignition  systém  for  Ford  cars  is  of  thc  open- 
circuit  type,  and  it  is  so  constnicted  that  it  may  be  operated 
by  current  Írom  the  Ford  magneto  or  from  a  battery.  Instead 
of  a  single  spark  being  delivered  to  each  spark  plug  in  its  firing 
order,  a  continuous  shower  of  sparks  of  high  intensity  is  deliv- 
ered to  each  plug  at  the  proper  time.  This  flow  of  sparks  is  pro- 
duced  by  a  special  high-frequency  interrupter  which  is  mounted 
in  the  switeh  čase. 

An  interior  view  of  the  distributér  for  this  systém  is  shown  in 
Fig.  159  and  it  is  arranged  to  be  mounted  on  the  front  end  of  the 
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Fig,  159 — Interior  viac 
0/  Philbrin    4i9tHbut^ 
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Foril  engine  and  <lriven  at  halí  engine  spcpil.  The  índuction  coiT 
ib  of  the  non.vibruting  typp  shown  in  Fig.  160.  An  intorior  view 
cť  tho  switeh  caae  wliirh  showí  the  coixlťnaer  and  high  frequenpy 
interrupter  Í8  Bhown  in  Fig.  161.  A  wiring  diagram  of  the  sys- 
tém is  sbown  in  Fíg.  162. 


CHAPTERXK 

Auto-Lite    Electrical    Startíng   and 
Lighting  Systems 

THE  eorly   moilrls  of   Aulo-Litc   grnprators   werp   of   the  ppr- 
maiícnt-magnot  fielii  lype,  throp  aets  of  tungaten  Bteel  honie- 
Hhoť  muKuctH  bftn);  iisoil  In  prnilurp  thp  magnc-tit;  fíf\i\,  au  shown 
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in  Tjg.  IG3.  The  armaturp  wrh  maifť  to  rcvolvc  in  thp  firlil  pro- 
ilur'pi)  b'v  tlie  pcrmanent  inaKiipIs  liy  liavinu  the  arniaturo  sKaft 
runnerteil  indircell.v  to  the  'Iciving  uhaft  by  a  friotion  elutch. 
The  liriving  and  driven  meniLera  of  thÍ3  frietion  clutoh  are  helii 
in  plaee  hy  nprings  whose  pressure  íh  eoiitrolled  hy  the  eentrifugal 
í'irce  produred  liy  the  rotstion  of  two  swingíng  arma.  At  an 
armatúre  speed  of  Bpproximatciy  1S50  revolutiona  per  minuté 
thcse  arms  are  revolving  swiftly  enough  to  compreas  the  Rpríngs 
whieh  hold  the  clutŕh  memliers  in  eontaet  with  each  other  and 
thug  ollow  the  sproeket,  which  is  heing  driven  by  the  enginp, 
to  revolve  iadependent  of  the  armatúre   shaft  of  the  generátor. 
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By  this  arrangfment  the  armatúre  speed  ia  maintained  at  about 
IHSO  revolutiona  per  minuté  no  matter  how  faat  the  engine  may 
bc  ratating  ao  tong  as  it  is  at  a  auffii'ient  speed  to  produee  165(1 
revolutiona  per  minuté  of  the  generátor.  The  speeil  of  Ihe  gen- 
erátor ia  about  fwo  and  a  half  timea  that  of  the  engine.  It  ia 
driven  by  a  eilent  cliain  from  the  crankshaft  or  any  otber  Bbaft 
rotating  at  the  aame  speeil,  and  its  action  ia  entircly  automatic. 
The  output  of  the  generátor  ia  under  jormal  conditions  approxi' 
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mately  13  ampcrca.     This  type  of  Anto-Lite  generátor  is  known 
aa  the  modet  C. 

A  second  type  of  Auto-Lite  generátor  ia  shown  in  Fig.  164.  It 
will  he  obaerved  that  this  machine  ia  of  the  excited  field  type. 
The  ehief  diEFerencea  between  this  generátor  and  the  permanent- 
magnet  type  lie  in  the  method  of  prodiicing  the  magnetic  field 
and  the  fact  that  the  armatúre  rovolvea  at  tlie  samé  apeed  aa 
the  erankabaft  io  the  Lase  of  four-ťvlinder  engines  and  one  and  a, 
half  times  crankabaft  apeed  in  the  čase  of  sii-cylinder  engines. 
The  fact  that  this  generátor  ia  designed  to  be  driven  at  šuch 
higb  speeda,  combined  with  the  additional  fact  that  its  base  bae 
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inagnpto  ilimensions,  is  of  immenno  a'1vantBf[e  in  instanatíon,  as 
the  generaloT  can  be  pleceil  od  thc  lirai'kct  provided  os  the  on- 
gine  for  the  magneto  and  drivcn  dircĽtlv  by  the  toagneto  Bbftft. 
Thc  magncto  can  be  placcd  back  ol  the  generátor  an<l  drivcn 
through  it,  aa  both  ends  of  tbe  geoeralor  shaft  are  given  the 
samc  Standard  taper  used  on  all  magnrio  Bhafta. 

Two  ficld  windinga  are  provided.  One  ie  corapoBod  of  maay 
tumg  of  amall  wire  and  is  calted  thc  shunt  windíng,  while  the 
othcr  íb  compused  of  eomparativcly  fcw  turns  of  large  v\re  snd 
is  callcd  the  Berieš  windiiig.  The  shunt  wiuding  has  a  current 
produvcd  in  it  whieh  ia  pru)H>rt  iouai  to  the  terminál  voltage  of 
the  geaerator,  sincc  tbe  rcsistance  of  the  shunt  windíng  r 
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prartirally  eongtant.  The  rurrent  delivered  1>y  the  generatot 
pBSBes  through  Ihe  HericB  niniling,  siore  it  is  connerted  directlj'  in 

netie  eírcuJt  of  the  generátor  in  the  oppoxitť  direetinn  to  the  rur- 
rent in  the  shunt  windíng,  and  aa  a  reNult  thcír  magnetizíng  at- 
tiouK  oppose  each  other  rather  than  aHxintiog  cach  olher.  Aa  the 
rurrent  oulput  of  tbe  generátor  ínerenses  there  is  an  inereane 
in  Ihe  magnotiľ.ing  aetion  of  the  serieš  firld,  and  as  a  result  there 
is  s  deerease  in  thc  strength  of  the  magnetíe  fleld  of  the  gen- 
erátor and,  bence,  the  output  of  the  geaetatar  does  not  iDcreaas 
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as  rapidly  as  it  would  if  there  were  no  weakening  eífeet  on  the 
magnetic  field  dne  to  the  action  of  the  serieš  field.  The  voltage 
of  the  generátor  at  approzimately  6  miles  per  hour  is  šuch  that 
it  starts  delivering  current  and  the  current  outpat  increases  in 
value  until  a  spced  of  about  20  miles  per  hour  is  reached  when 
the  current  output  is  in  the  neighborhood  of  12  amperes.  Auto- 
Lite  generátor  models  G^  GA  and  GF  all  are  provided  with  one 
serieš  and  one  shunt  field  coil. 

An  external  view  of  a  third  type  of  Auto-Lite  generátor  sim- 
ilar  to  the  ones  just  described  but  having  two  shunt  and  two 
serieš  field  coils  is  shown  in  Fig.  165.  This  machine  is  designed 
to  operate  at  twice  engine  speed.  It  starts  delivering  current 
a<  about  7  miles  per  hour,  and  at  a  speed  of  about  20  miles  per 
hour  it  delivers  approximately  12  amperes.  Auto-Lite  generá- 
tor models  G  B,  60,  GD  and  G  G  all  are  provided  with  two  shunt 
and  two  serieš  field  coils. 

A  fourth  type  of  Auto-Lite  generátor  having  only  two  shunt 
field  coils  is  shown  in  Fig.  166.  The  output  of  this  generátor 
is  regulated  by  the  third-brush  method.  It  operates  at  one  and  a 
half  engine  speed,  euts  in  at  about  7  miles  per  hour,  and  delivers 
approximately  14  amperes  at  20  miles  per  hour. 

Motors 

The  following  brief  dcscription  of  the  starting  motor  will  apply 
to  all  types  of  starting  motors  manufactured  by  the  Auto-Lite 
company.  The  frame  is  provided  with  four  pole-pieces  and  four 
field  coils.  The  brush  holder  assembly  consists  of  four  brush 
holders  stamped  out  of  sheet  steel  and  then  copper  plated  to  pre- 
vent  rusting.  The  brush  holders  are  assembled  on  the  head  of  the 
motor  with  studs  or  bolts  that  go  through  the  brush  holder  and 
spring,  through  the  head,  and  are  held  by  a  lock  washer  and 
unit.  The  stud  is  insulated  with  a  fiber  washer,  a  fiber  brushing 
in  the  head  and  a  fiber  washer  on  the  outside.  This  gives  a  strong 
assembly  free  from  mcchanical  or  electrical  trouble.  The  first 
coil  of  the  field  winding  is  connected  to  the  positive  terminál, 
or  insulated  terminál  on  the  motor  frame.  The  other  side  of  coil 
No.  1  is  connected  to  one  side  of  coil  No.  2,  and  the  remaining 
side  of  coil  No.  2  is  connected  with  the  brush  holders  on  opposite 
sides  of  the  commutator  through  a  heavy  braided  flexible  wire. 
Coii  No.  3  is  connected  to  the  remaining  two  opposite   brush 
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holders,  aud  tho  othcr  gide  of  the  foíI  ia  coonected  to  one  termínmi 
oí  roil  No.  4,  and  the  remaining  tennÍDal  of  coÍI  No.  4  is  cob- 
nected  to  the  negative  terminál,  or  grouaded  terminál,  on  the  mo- 
tor frame.  The  armatúre  is  wounil  nith  heavy  wire  thBt  ia  held 
in   plart?  by  banda   around  each   end  of  the  winding. 

The  Rendix  drive  ia  uaed  wilh  all  the  starting  motora  aa  a  means 
of  eatablishing  tlie  mcehanicat  eonnection  between  the  motor  and 
cngine  when  the  motor  ia  railed  úpon  to  atart  the  eogine.  Twa 
differeut  types  of  Auto-Lite  atarting  motora  are  shown  in  Figa. 
]fi7  and  ItiH. 


An  elei-tTomaf[nctic  cutout  is  uaed  in  establiahiug  thp  coiinee- 
lion   between   the   generátor  and   the   atorage   battery   whea   the 
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voltafce  nf  the  (generátor  has  reaehed  a  value  eqnal  to  or  prefer- 
nbly  a  tiltle  greater  than  the  terminál  vollage  of  the  batterv. 
This  eonnection  niil  reniain  elosed  aa  long  aa  the  generátor  eon- 
tinues  to  aupply  eurrent  to  the  battery  or  lampa,  but  juat  as  soon 
ar  the  hatlery  atarls  to  aend  currenl  baek  through  the  generátor, 
Khich  caunea  the  generátor  to  opcrate  aa  a  motor,  the  cutout,  íf 
opeimtiug  pioperly,  will  open  the  circuit  and  thua  pravent  ftn  ■■• 
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neceaaar;  diBťharge  of  tbe  batťerjr.  The  armatúre  of  the  cntout 
n«ver  should  be  moved  when  tbe  generátor  ia  not  running,  as  the 
sction  of  the  cutout  under  these  eonditions  íb  šuch  that  it  will 
keep  the  eircuit  between  the  generátor  and  battery  ľlost^il  in 
spite  of  the  fart  that  the  battery  is  iliseharging,  and  the  reault 
will  be  a  discharged  battery  and  perhaps  a  ilaniaged  generátor. 
If  the  armatúre  of  tbe  eutout  is  acoidenlally  or  othorwise  drawn 
up  and  the  <-ireuit  thus  closed,  the  armatúre  should  be  príed  away 
ŕrom  tbe  ÍroD  eorc  and  tbe  eircuit  opened,  or  the  enginc  should 
be  atarted  and  run  at  šuch  a  speed  tbat  the  voltage  gonerated 
iu  the  generátor  will  be  ample  to  eountoract  the  voltage  of  tbe 
battery. 

Startiiig  Switcbe* 

The  Btarting  awiteh   most   commonly  used  eonnistB   of  n  metal 

ring  with  sevorat  extended  arms,  or  leaves,  whieh  exiend  paraltel 

to  the  sxis  of  the  ring.     A  cylindrical  copper  aleeve  alides  on  a 
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Vŕrtieal  roil  and  may  be  presned  insidc  tbe  extended  arma  on  the 
ring  by  a  foot  button.  The  ring  forma  one  terminál  of  the  štart- 
ing-motor  eircuit,  and  the  rylindrical  eopper  sleeve  forma  the 
olber  terminál,  bo  that  the  atarling-motor  eircuit  íb  cloaed  wben 
these  two  parta  of  the  awilch  are  in  electrieal  contaot  with  eaeh 
otber.  As  soon  aa  the  pressure  od  the  foot  pedál  is  removed  tbc 
Bwiteh  immediately  is  openeJ  by  the  nction  of  a  strong  spring. 
A  Becond  type  of  Btarting  switch  operated  diroclly  by  applying 
a  presaure  on  a  puah  button  conaiats  of  two  heavy  fopper  atrips 
aet  oppoaite  each  otber  with  their  flat  sides  parallel.     Tbeae  two 
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strípa'  fomi  the  tenninmla  of  tbe  atarting  rircuit.  A  eopper  bar 
is  moauted  on  an  inanlating  block  whieh  alidea  on  a  rod  in  aueh 
a  manner  that  the  copper  bar  conneete  the  two  etripa  when  the 
block  is  preBBed  down  by  the  driver'a  foot  button.  Thp  copper 
bar  and  btock  úpon  nhieh  U  ia  mountcd  sre  retutn^d  to  the  off 
position,  that  ie,  the  awitch  ia  openud,  by  a  coil  apring  mounteil 
on  the  ahaít  úpon  which  the  block  ia  inouoted. 

Auother  type  is  mounted  on  the  starting  motor  housing  and 
in  operBted  by  roda  ruanipg  Írom  a  foot  pedál  or  hand  lever. 
The  swttch  conBiats  of  two  Hat  copper  contBct  arma  brought  into 
electrical  contact  with  each  other  by  a  bar  of  copper  mounted 
on  an  inaulatiog  block,  whícb  io  tura  ia  carried  on  s  sliding  rod 
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direcllj  beneath  and  parallel  to  the  ropper  fontaťt  arma.  The 
atarting  airitfh  is  closed  by  the  samp  operation  on  the  part  of  the 
driver  that  moves  the  alidin{;  pinion  into  mesb  between  the  atart- 
ing motor  pinion  and  the  flywheel  gear.  Od  aome  models  an 
Qilditional  housing  Í8  providcd  on  the  atarting  motor  rase,  ani) 
ít  carripa  a  aolenoid  and  piunger  core.  The  plunger  of  this 
gulenoid  norroaily  dropa  dolrn  into  position  so  tbat  it  prevents 
tlie  eloaing  of  tbe  atarting  motor  switch  or  the  meshing  of  the 
grara  ahould  the  driver  intentionafly  or  otherwise  attempt  to 
štart  the  motor.  When,  however,  the  aolenoid  ia  energízcd,  tho 
ptunger  ia  moved  and  no  longer  offera  an  obstruction  to  the  move- 
ment  of  the  rod  operaling  the  atarting  motor  awiteh.     A  ape«ial 
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R^^ítcli  Í8  provided  for  closing  the  circuit  through  the  solenoid 
winding  and  this  switch  mušt  be  closcd  when  the  driver  attempts 
to  štart  the  ear. 

The  Amineter 

The  ammeter,  which  is  mounted  on  the  dash  in  plain  view  of 
the  driver,  indicates  at  all  times  the  amount  of  eurrent  being 
produced  by  the  generátor  or  discharged  from  the  battery,  with 
the  exception  of  the  starting  motor  and  ignition  eurrent. 

When  the  indicating  needle  of  the  ammeter  pointa  to  the  left 
cf  the  zero  point  on  the  scale,  or  toward  'Miseharge,"  it  means 
that  the  battery  is  furnishing  eurrent  to  the  lights,  or  discharg- 
ing.  When  the  needle  is  pointed  to  the  right  of  zero,  it  means 
that  the  generátor  is  delivering  eurrent  to  the  battery,  or  chai^- 
ing  it.  The  amount  of  chargé  or  discharge  at  any  time  in 
amperes  can  be  read  from  the  scale  on  the  ammeter.  The  ammeter 
does  not  show  the  amount  of  •nergy  in  ampere-hours  in  the  bat- 
tery. 

Always  note  the  position  of  the  indicating  needle  when  the 
engine  is  stopped.  With  the  engine  at  a  standstill  and  no  lights 
burning,  the  hand  should  point  at  zero.  If  it  does  not,  one  cf 
three  conditions  exists:  Either  the  ammeter  is  out  of  calibration 
or  there  is  a  leakage  of  eurrent  in  the  wiring  or  the  circuit 
breaker  is  not  operating. 

To  determine  if  the  ammeter  is  correct,  disconnect  one  of  the 
wires  of  the  ammeter.  If  the  indicating  needle  swings  to  zero, 
the  trouble  is  leakage  of  eurrent,  which  mušt  be  located  immcv 
diately  and  corrected.  If  the  ammeter  hand  does  not  point  to 
zero  with  one  of  the  wires  disconnected,  the  inštrument  is  out 
of  calibration.  This  in  no  way  affects  the  operation  of  the  sys- 
tém, but,  of  course,  it  mušt  be  takcn  into  consideration  when 
reading  the  ammeter. 

If  the  engine  backfíres  when  being  shut  down  and  makes  one 
oi  more  revolutions  in  the  reverse  direction,  the  ammeter  needle 
may  be  found  pointing  to  the  extréme  left  side  of  the  scale.  This 
ík  caused  by  the  circuit  breaker  points  being. held  closed  and  means 
a  short-circuit  of  the  battery  through  the  generátor.  This  mušt 
be  corrected  immediately  by  disconnecting  the  generátor  or  by 
separating  the  circuit  breaker  points  or  by  cranking  the  engine. 

If  the  wiring  of  the  car  is  disconnected  for  any  reason  and 
on  being  connected  again  the  ammeter  shows  a  discharge  with 
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no  lights  burning,  the  wiríng  ehould  be  inspected  at  once,  for  it 
is  probable  that  some  of  the  wires  at  the  generátor  or  circuit 
breaker  háve  been  connected  wrong.  If  this  is  not  corrected  im- 
mediately  the  battery  soon  will  be  discharged. 

The  ammeter  should  be  wired  so  as  to  read  "chargé"  with 
the  indicating  needle  pointing  to  the  right,  when  the  generátor  is 
cbarging  the  battery,  and  "discharge"  with  the  needle  pointing 
to  the  lefty  when  the  current  from  the  battery  is  being  used.  If 
the  indication  is  in  the  opposite  direction  it  may  be  corrected 
simply  by  reversing  the  two  wires  connected  to  the  terminals 
of  the  ammeter. 

Ammeter  Troobles  and  Causes 

Ammeter  burned  out: 

Excessive  discharge  due  to  short-cireuit  in  ammeter  to 
switch  wire,  wires  from  switch  to  lámp  and  horn  or  am- 
meter to  circuit  breaker  wire.  If  discharge  occurred  with 
all    switches    "off,"    short    is    between    ammeter    and 
switch  or  ammeter  and  circuit  breaker. 
Ammeter  shows  discharge,  no  lights  burning,  motor  stopped: 
Circuit  breaker  points  stuck  or  circuit  breaker  points 
set  too  close. 
Ammeter  shows  chargé  with  motor  stopped,  lights  burning: 
Circuit  breaker  point  arm  spring  weak,  partial  short- 
circuit  between  ammeter  and  circuit  breaker,  or  ammeter 
and  switch  box.*   Wire  connections  to  the  ammeter  re- 
versed.  • 

Typlcal  Wiríng  Diagrams 

A  diagrammatic  wiring  diagram  of  an  Auto-Lite  installation 
on  a  model  85B  Overland  car  is  shown  in  Fig.  169.  A  perspective 
view  of  the  complete  electrical  installation  on  this  particular  car 
Í8  shown  in  Fig.  170. 

The  starting-motor  circuit  may  be  traced  readily  by  starting 
with  the  positive  terminál  of  the  battery,  through  the  starting 
switch,  thence  to  the  starting  motor  through  the  motor  and  di- 
rectly  back  to  the  negative  terminál  of  the  battery. 

One  terminál  of  the  generátor  is  grounded,  which  results  in 
this  terminál  being  connected  to  the  negative  terminál  of  the 
battery  all  the  time,  as  the  negative  terminál  of  the  battery  ia 
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grounded.  The  remaining,  or  positive,  terminál  of  the  generátor 
is  connected  to  the  wire  leading  from  the  ammeter  to  the  switch 
box  when  the  contacts  of  the  cutout,  which  is  mounted  at  the 
generátor,  are  closed.  Any  current  being  delivered  by  the  gen- 
erátor in  excess  of  that  required  to  operate  any  lamps  that  are 
turned  on  and  the  ignition  systém  will  be  delivered  to  the  bat- 
tery  and  the  ammeter  will  indieate  that  the  battery  is  being 
charged.  If  the  generátor  current  is  not  equal  to  that  required 
by  the  lamps,  etc.,  then  the'  battery  will  be  oalled  úpon  to  assist 
the  generátor  and  the  ammeter  will  indieate  that  the  battery  is 
being  discharged. 

The  dash  and  taillights  are  in  serieš  and  controUed  by  a  single 
switch. 

The  headlights  are  connected  in  parallel  for  full  candlepower 
and  in  serieš  when  dimmed.  A  separáte  fuse  is  providod  in  each 
lámp  circuit,  and  all  the  f  uses  are  mounteď  on  the  switch  block 
inside  of  the  switch  box  on  the  steering  column. 

The  ignition  is  independent  of  the  generátor,  and  the  coil  and 
distributér  are  mounted  on  the  opposite  side  of  the  engine  from 
the  generátor.  The  electrical  connections  are  shown  plainly  in 
the  diagrams. 

A  diagrammatic  wiring  diagram  of  an  Auto-Lite  installation 
on  the  Chevrolet  is  shown  in  Fig.  171,  and  a  perspective  view  of 
the  complete  electrical  layout  is  shown  in  Fig.  172.  The  start- 
ing-motor  circuit  is  practically  the  samé  as  the  one  shown  in 
Figs.  169  and  170. 

The  generátor  circuit  may  be  traeed  as  foUows:  Starting  with 
the  ungrounded  terminál  of  the  generátor  you  can  trace  along 
the  conductor  to  the  terminál  A  on  the  cutout,  or  circuit  breaker, 
and  if  the  contacts  of  the  cutout  are  closed  the  circuit  is  com- 
pleted  to  the  terminál  B  on  the  ammeter,  then  through  the  am- 
meter to  the  terminál  C  on  the  starting  motor  switch,  which  is 
eonnected  to  the  positive  terminál  of  the  battery  by  the  heavy 
lead  D.  The  negatíve  terminál  of  the  battery  is  grounded  at 
the  starting  motor,  and  since  the  negatíve  terminál  of  the  gen- 
erátor is  grounded  the  two  negative  terminals  are  connected  per- 
manently  and  the  circuit  connecting  the  generátor  and  the  bat> 
tery  is  complete  as  long  as  the  contacts  of  the  cutout  are  closed. 

The  indication  of  the  ammeter  will  depend  úpon  the  value  and 
direction  of  the  current  through  it,  which  in  turn  depends  on  the 
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value  of  the  current,  íf  any,  s-ipplied  by  the  generátor  and  the 
value  of  the  current  required  to  meet  the  demands  of  the  lamps, 
etc.  The  current  taken  by  the  Btarting  motor  does  not  pass 
through  the  ammeter. 

The  wiring  diagram  of  an  Auto-Lite  installation  on  the  De- 
troiter  car  is  shown  in  Fig.  17.3. 

Instnictions 

The  average  motorist  very  seidom  pays  any  attention  to  the 
workings  of  any  part  of  his  machine,  and  especially  the  electrical 
equipment,  until  it  goes  wrong,  and  then  as  a  rule  he  is  absolutely 
helpless.  There  is  also  another  type  of  owner  who  spends  quite 
a  bit  of  time  tinkering  with  his  car  and  is  often  responsible  for 
fx  great  many  of  the  cases  of  trouble  that  occur  in  connection 
with  the  operation  of  his  car.  Almost  all  manufacturers  of 
electrical  equipment  supply  the  owner  with  all  the  necessary  in- 
structions  for  the  čare  of  the  equipment  on  his  car,  and  if  these 
instructions  are  followed  carefully  little  trouble  will  be  experi- 
enced. 

Čare  of  the  Generátor 

The  silent  chain  drive  of  the  Auto-Lite  generátor  should  be 
inspected  occasionally  and  any  undue  amount  of  slack  taken  up 
by  loosening  the  screw  which  holds  the  generátor  on  its  bracket 
and  sliding  the  generátor  over  by  the  adjusting  screw.  The  chain 
should  be  so  adjusted  that  there  is  no  strain  on  the  links  when 
the  engine  is  not  running.  After  the  adjustment  is  made  the 
holding  screws  should  be  re-tightened. 

The  generátor  should  be  examined  occasionally,  and  any  car- 
bon  dust  worn  from  the  brushes  should  be  blown  from  the  čase. 
The  commutator  should  be  kept  bright  and  smooth.  Loose  seg- 
ments*  in  the  commutator  should  be  repaired  at  once,  and  the  mica 
between  the  seg^nents  should  be  cut  lower  than  the  surface  of 
the  copper  segments. 

The  brushes  should  seat  perf ectly  and  should  be  free  in  the 
holders.  The  spring  tension  should  be  sufficient  to  hold  the 
brushes  down  but  should  not  be  excessive. 

The  cleaning  of  commutators  and  the  fitting  of  brushes  always 
should  be  done  with  fine  sandpaper,  never  with  emery  paper  or 
cloth.     After   smoothing  a  commutator,   the  particles  of   metal 
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that  bridge  across  the  miea  shouhl  be  removed  and  the  mica  cut 
down.  This  mušt  be  done  with  the  armatúre  removed  from  the 
čase.  To  štart,  use  a  three-cornered  filé,  cutting  a  V  notch  in  the 
mica.    Follow  this  with  a  piece  of  hacksaw  blade. 

The  bnish  holders  mušt  be  insulated  from  the  generátor  čase 
perfectly.    A  test  light  readily  will  show  if  one  is  grounded. 

If  it  Í8  found  that,  due  to  excessivo  heat,  the  solder  holding  the 
armatúre  leads  to  the  commutator  has  been  melted,  a  test  f  or  a 
ground  should  be  made. 

To  determine  if  the  field  coils  are  grounded  or  short-circuited| 
insulate  the  brushes  from  the  commutator  or  remove  them,  and 
close  the  circuit-breaker  points  with  the  fingers.  If  the  ammeter 
shows  more  than  1%  amperes  discharge,  one  or  more  of  the  field 
coils  is  short-circuited.  They  then  should  be  tested  singly  vith 
a  test  lámp. 

Generátor  Troobles  and  Causes 

Generátor  dead,  as  shown  by  the  ammeter: 

Ammeter  burned  out  or  connection  loose. 

Battery  terminals  loose,   broken  or  corroded. 

Circuit-breaker  points  stuck  and  held  open. 

Loose  connection  in  circuit-breaker. 

Brush  holders  sticking  or  broken. 

Insulation  burned  or  broken  on  armatúre. 

Field  coils  grounded  or  burned  out. 
Generátor  output  low,  as  shown  by  the  ammeter: 

Battery  terminals  loose  or  corroded. 

Circuit-breaker  or  ammeter  wires  loose. 

Brushes  worn  or  broken. 

Brush  holders  sticking. 

Commutator  dirty. 

Mica  high  between  segments. 

Brushes  grounded  by  carbon  dust. 

Segments  worn  or  cut. 

Field  coils  loose  or  broken. 

Battery  plates  sulphated. 
Generátor  brushes  noisy  or  sparking: 

Brushes  worn  or  broken. 

Brush  holders  sticking. 

CoxníQUtator  dirty  or  rough. 
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É 

Míea  bctween  segment  s  too  high. 

Brush  not  fitting  the  commutator. 

Briish  spring  broken. 

Brush  setting  wrong. 

Loose   segment   in  commutator. 

Commutator  cut: 

Brushes  worn  or  broken. 
Brush  spring  tension  too  tight. 
Brushes  too  hard. 

Armatúre  binding  cord  cut: 
Field  coils  loose. 
Brush  holder  broken. 

Field  coils  grounded: 

Insulation  worn  or  broken. 

Field  coils  burned  out: 

Loose  connection   at   generátor. 

(Mrcuit  breaker,  ammeter,  battery  or  starting  motor  ground. 

Čare  of  Startmg  Motors 

The  starting  motor  cranks  the  engine  mechanically,  power 
beiug  applied  to  the  flywheel  through  the  médium  of  the  Bendix 
drive,  as  shown  in  Fig.  174.  The  jar  or  shock  of  setting  the  fly- 
wheel  in  motion  is  absorbed  by  the  coil  spring.  on  the  starting- 
motor  shaft.  When  the  electric  circuit  is  closed  by  pressing  the 
starting  switch  button  the  armatúre  of  the  starting  motor  starts 
to  rotate.  The  Bendix  drive  pinion,  which  is  carried  on  a  threaded 
sleeve  on  the  starting-motor  shaft,  is  prevented  from  turning  by 
an    eccentric   weight. 

The  threads  lead  the  pinion  along  this  sleeve  until  it  fully 
engages  with  the  teeth  of  the  fly  wheel.  Farther  lateral  travel 
is  prevented  by  a  stop  on  the  sleeve,  and  the  pinion  starts  rotat- 
ing  with  the  starting  motor  and  so  transmits  turning  movement  to 
the  flvwheel. 

•r 

No  oil  or  grease  should  be  placed  on  the  threaded  sleeve  on 
which  the  drive  pinion  is  mounted  as  this  is  liable  to  gum  and 
cause  troublc.  It  is  better  to  wash  off  any  accumulation  of  dirt 
or  dust  occasionally  with  kerosene  and  allow  the  pinion  to  re- 
main  dry. 
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Startmg  Motor  Tronblet 

Sparking  anJ  burning  when  iiiritrh  ís  depressed: 

awitťli  to  motor  HÍre  inaulation  brokpa. 
ätarting  motor  noisy: 

Bpnilii  <)rive  gfars  impruperly  meshed. 

Brushes  uoiaj. 

Bearinga  seized  to  ahaft. 

Braringa  brok  en. 


irting  swilch  alicku: 

Hpring  brok  ť  n. 

Button  aturk  in  Bwitch  body. 

Contact   pointa  burneil. 
irlint;  motor  doea  not  lurn: 

Batt«ry  Iott  or  •liflchar);?d. 

Batterj-  terniinals  looae,  broken  o 
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Bwitch  to  starting  motor  wire  insulation  broken. 

Loose  couneetion  at  switch  or  motor. 

Switch  contacts  burned. 

Brushes  worn  or  broken. 

Commutator  dirty. 

Brush  lead  broken. 

Brushes  sticking  in  holders. 
Starting  motor  turns  slowly: 

See  "Starting  Motor  Does  Net  Turn." 

Brush  springs  weak. 

Bearings  broken. 

Polarity  of  one  or  two  cells  reversed. 

Field  or  armatúre  winding  burned  out  or  grounded. 
Starting  motor  turns  but  thc  cngine  does  not  turn: 

Bendix  drive  pinion  sticking  on  sleeve. 

Bendiz  drive  spring  broken. 

Flywheel  teeth  broken. 
Starting  motor  does  not  release  but  turns  with  the  engine: 

Switch  sticks. 

Bendix  pinion  sticking  on  the  sleeve. 
The  starting  motor  should  be  given  the  samé  generál  čare  as 
the  generátor,  as  regards  brushes,  commutator,  brush  holders,  etc. 
If  the  starting  motor  does  not  operate,  due  to  a  grounded  wire, 
iitoperative  switch  or  some  similar  cause,  the  wire  from  the  bat- 
tcry  to  the  starting  switch  should  be  disconnected  at  the  battery 
and  the  engine  cranked  by  hand. 

Ughts 

The  lighting  systém  of  the  Auto-Lite  installations  is  a  6-volt 
systém  securing  its  current  froni  the  storage  battery  and  gen- 
erátor. The  dashlamp  and  taillamp  are  connected  in  serieš,  so 
if  the  taillamp  fails  the  dashlamp  will  go  out  also  and  serve  as 
a  warning.     Single-contact  bulbs  are  used  in  these  two  lights. 

The  headlights  use  double-contact  bulbs  and  are  connected  in 
serieš  when  dimraed. 

A  separáte  f  use  is  provided  in  each  lámp  circuit,  and  all  fuses 
are  mounted  on  the  switch  block  within  the  steering  column  con- 
trol  box.     One  spare  f  use  is  provided  also. 

The  headlights  are  foeused  by  a  screw  at  the  back  of  the  lámp, 
either  in  the  center  or  just  above  the  center  of  the  lámp  body. 
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Turning  this  scrcw  to  the  ríght  or  left  moves  the  lámp  bulb  in 
or  out  as  the  čase  may  be.  Adjust  the  bulb  so  that  when  the 
light  Í8  turned  on  a  vertical  surface  10  feet  away^  the  light 
showa  clear  and  even,  without  any  rings. 

To  clean  the  lámp  reílectors  use  a  small  piece  of  eotton  dipped 
in  alcohol  and  wipe  from  the  bulb  out  to  the  edge.  Never  use  any 
polish  or  grit  on  a  reflector  and  never  wipe  or  rub  with  a  eir- 
eular  motion. 

Lis^tiiig  Troublet  and  Causes 

No  lampa  light: 

Fuses  burned  out. 

Battery  discharged. 

Battery  terminals  loose,  corroded   or  brok  en. 

Battery  ground  wire  broken  or  loose  at  starting  motor. 
Broken  or  loose  connection  bctween  battery  and  ammeter  or  be- 
tween  ammeter  and  switch: 

Ammeter  burned  out. 

Lights  burned  out. 

Battery  frozen. 
One  or  both  headlamps  do  not  light  with  the  switch  in  '^bright" 
positinn,  or  dash  and  taillamps  do  not  light: 

Lamps  burned  out. 

Poor  contact  between  lamps  and  sockets. 

Broken  wire  or  loose  connection  between  switch  box  and 
*      lamps. 
Lamps  burned  out: 

Battery  terminals  corroded. 

Loose  connection  at  the  battery  or  the  ammeter. 

Battery  ground  loose  at  the  starting  motor. 
Bashlamp  burned  out: 

Wire  from  (^ashlamp  to  taillamp  grounded. 
Lights  flicker  or  fluctuate: 

Broken  or  loose  connection  in  switch  box. 

Poor  lámp  grounds. 

Battery  terminals  loose  or  corroded. 

Poor  connection  at  battery  ammeter  or  starting  motor. 

Battery  electrolyte  low. 
Lights  dim  at  all  times: 

Bulbs  improperly  focused. 

Battery  discharged. 
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Battery  frozcn. 

Short-circuit  in  battery. 

Polarity  of  one  or  two  cells  reversed. 

Anto-LHe  Ignhioii  Systems 

The  breaker  and  distributor  pointa  should  be  kept  clean  and 
free  from  oil.  In  the  event  that  the  contact  pointa  become  so 
worn  that  their  adjustment  is  impaired,  it  will  be  necessary  to 
renew  the  entire  breaker  bar  element.  This  should  not  occur, 
however,  within  25,000  to  35^000  miles  of  ordinary  running.  When 
this  is  necessary  remove  the  cover  from  the  coil  and  disconnect 
the  wire  that  runs  direct  to  the  breaker  plate. 

Bemove  the  distributor  cover  with  wires  attached  and  také 
out  the  distributor  arm. 

Unscrew  the  two  round-headed  screws  which  hold  the  retain- 
ing  ring  and  breaker  plate  in  the  čase. 

Lift  the  breaker  plate  from  the  housing  and  the  retaining  ring 
and  screws  will  come  with  it,  also  the  wire  which  connected  it 
to  the  coil.  This  wire  should  be  replaced  in  the  new  breaker  arm, 
which  should  be  installed  as  received  from  your  dealer. 

Never  attempt  to  readjust  the  points  on  a  n&w  breaker  plate. 
Tho  only  lubrication  necessary  is  the  use  of  vas^line  in  the  grease 
cup  on  the  timer  shaft  just  below  the  timcr  body. 

An  ignition  coil  is  provi<led  to  transform  the  low-tension  bat- 
tery current  intó  a  secondary  high-tension  current  with  sufficient 
I^ressure  to  force  the  current  across  the  spark  plug  gap  when 
under  compression. 

Should  any  internal  trouble  occur  the  repairs  should  be  made 
by  the  manufacturer.  An  internal  short-circuit  in  the  coil  will 
evidence  itself  in  misfiring  which  cannot  be  traced  to  any  one 
cylinder. 

An  automatic  cutout  is  placed  in  the  ignition  switch  which 
will  open  the  ignition  circuit  if  the  button  is  inadvertently  left 
in  the  "on"  position  while  the  motor  is  stopped.  This  switch  is 
eontrolled  thermostatically,  depending  f  or  its  operation  on  the 
heating  of  a  thermostatic  metal  spring  by  a  coil  of  resistance 
ribbon  through  which  all  current  supplied  to  the  ignition  is  con- 
ducted.  Since  the  current  supplied  while  the  engine  is  running 
is  intermittent,  it  does  not  hcat  this  thermostatic  spring  to  a 
tcmperature  which  will  cause  it  to  defleet  and  make  the  neces- 
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Bary  contact  with  the  tripping  meohanism  to  operate  the  cutout. 
Should  the  switch  be  left  "on'*  the  flow  of  current  íb  con- 
tiiiuous  and  the  thermostatic  spring  is  heated  and  deflected  so 
that  it  makes  a  contact  permitting  the  current  to  ílow  through  a 
vibrátor  coil  which  operates  the  tripping  mechanism  and  allows 
the  switch  button  to  be  thrown  out. 

Ignhion  Troables  and  Causes 

Motor  will  not  štart,  ignition  dead: 
Battery  discharged. 
Battery  connections  loose. 
Distributor  point  s  dirty. 
Coil  burned  out. 

Primáry  wire  disconnected  or  broken. 
Secondary  wire  grounded. 
Breaker  arm  stuck. 
Distributor  arm  spring  broken. 
Breaker  points  set  too  wide. 
Timer  drive  gears  inoperative. 

Motor  starts  harď: 

Battery  discharged. 

Spark  plug  points  dirty  or  too  far  apart. 

Distributor  points  dirty. 

Breaker  points  sticking. 

Motor  misses  at  all  speeds: 

Spark  plugs  dirty,  broken  or  improporly  set. 

Spark  plug  wire  shorted. 

Battery  weak. 

Battery  connections  loose  or  corrodod. 

Connections  at  switch,  coil,  breaker  or  distributor  loose 

or  corroded. 
Breaker  points  worn,  burned  or  improperly  adjusted. 
Breaker  arm  sticking. 
Condenser  broken  down. 

Motor  miflses  at  high  speed  only: 
Spark  plug  gap  too  wide. 
Breaker  or  distributor  points  dirty. 
Breaker  arm  sticking. 
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Motor  misses  at  low  apeed,  idling: 
Spark  plug  points  too  closc. 
Battery  weak. 

Motor  misses  at  low  specd,  on  pull: 
Spark  plug  gap  too  wide. 
Battery  weak. 

Spark  knock: 

Ignition  set  early. 

Spark  plugs  failed: 

Cylinders  carbonized. 
Misfiring  in  cylinder  at  fault. 

Popping  in  muffler: 
Spark  set  late. 

Ignition  Bwitch  does  not  throw  out  when  ear  stope: 
Points  set  too  far  apart. 

Ignition  switch  throws  out  while  running: 
Points  set  too  close. 

Distributor  points  burned: 
Condenser   open. 

Automatic  ignition  switch  coils  burned: 
Automatic  trip  stuck. 

The  symptoms  and  causes  given  cover  only  ignition.  If  the 
engine  will  not  štart  or  starts  hard,  determine  first  if  a  spark 
is  being  delivercd  at  the  spark  plugs.  A  check  of  the  causes 
given  f  or  these  symptoms  will  show  the  trouble.  If  a  good  spark 
is  being  delivered  in  each  cylinder,  look  elsewhere  for  the 
trouble.  Should  the  battery  be  discharged,  the  only  means  of 
operating  the  car  until  the  storage  battery  is  recharged  is  to 
install  a  battery  of  four  or  five  dry  cells,  in  serieš,  disconnecting 
the  ignition  wire  from  the  storage  battery  and  connecting  it  to 
the  carbon  post  of  the  first  dry  celí.  The  other  connection  from 
the  dry  cells  should  be  grounded  to  the  frame.  If  no  dry  cells 
are  available,  ignition  current  can  be  secured  from  the  generá- 
tor, in  an  emergency,  by  having  the  car  towed  at  a  speed  of  10 
or  15  m.p.h.,  with  the  transmission  in  high  gear  until  the  engine 
starts.  This  will  turn  the  generátor  fast  enough  to  close  the 
circuit  breaker  and  force  current  through  the  dead  battery.  The 
samé  result  can  be  had  by  coasting  down  a  hill  if  convenient. 

If  the  battery  is  charged  and  no  spark  can  be  secured,  examine 
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connectionsy  plugs,  breaker  pointa  and  šuch  possible  causes  be- 
fóre  ever  changing  any  adjustments. 

If  an  apparent  cause  for  trouble  is  found,  always  try  to  do- 
termíne  if  that  is  the  basic  trouble.  For  instance,  if  a  cylinder 
is  misfiring  the  spark  plugs  probably  will  be  dirty,  but  this  need 
not  be  the  cause,  for  the  plugs  get  oily  and  dirty  because  the 
engine  misfires  for  some  other  cause.  Again,  there  may  be  some 
more  serious  cause  for  the  spark  plug  being  dirty,  šuch  as  exces- 
sivé  lubrication  or  oil  leaking  pást  the  piston  due  to  broken  or 
worn  rings,  scorcd  piston  or  cylinder,  bent  connecting  rod,  etc. 

If  misfiring  is  confined  to  one  cylinder,  locate  that  cylinder. 
That  is  done  easily  by  short-circuiting  the  spark  plug,  holding  a 
screwdriver  with  an  insulated  handle  between  the  engine  block 
and  the  spark  plug  wire  terminál.  If  in  testing  the  various 
spark  plugs  in  turn,  one  is  found  which,  when  shorťcircuitcd, 
does  not  cause  further  misfiring,  it  is  in  all  probability  the  one 
at  f ault. 

Spark  Plugs 

The  most  common  fault  found  in  the  spark  plugs  is  carbonizing 
or  Booting,  which  results  in  short-circuiting  the  high-tension  cur- 
rent  so  that  instead  of  jumping  between  the  spark  plug  points  or 
electrodes  in  the  cylinder  combustion  chamber,  it  passes  through 
the  carbon  accumulation  directly  to  the  grounded  metallic  shelI. 
The  plug  should  be  removed,  and  if  there  is  evidence  that  it  is 
short-circuited  the  carbon  accumulation  should  be  removed  by 
scraping  oflf  the  carbon  and  then  washing  the  plug  with  gasoline 
and  a  stiflF  brush.  Carefully  inspect  the  plug  to  determine  whether 
the  porcelain  has  become  cracked  or  damaged  in  any  way. 

The  porcelain  may  be  cracked  in  šuch  a  manner  that  it  will 
not  show  úpon  casual  inspection,  but  it  may  be  detected  as  fol- 
lows;  If  the  plug  is  screwed  into  the  cylinder  and  pressure  is 
brought  to  bear  against  the  upper  part  of  the  plug  with  the  tinger, 
a  gratíng  or  grinding  noise  sometimes  will  be  heard  and  only  a 
very  little  motion  can   be  felt. 

In  čase  of  a  broken  porcelain  the  high-tension  current  will 
bridge  the  gap  between  the  center  electrode  and  the  plug  snell 
through  the  crack  in  the  porcelain  rather  than  jumping  the  space 
between  the  spark  plug  points  when  under  compression.  Before 
tnstalling  a  plug  see  that  points  are  properly  set  at  ^^  inch,  or 
about  the  thickness  of  a  smooth  dime.    An  infalliblc  test  for  the 
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plug  is  to  replace  it  with  one  that  is  known  to  be  perfect.  If 
the  condition  of  operation  is  not  changed,  examine  spark  plug" 
wire. 

If  the  insulation,  or  rubber  covering,  on  the  spark  plug  wire 
is  broken  or  worn  through  and  this  point  should  come  close  to 
any  metal  part  of  the  car  the  high-tension  current  will  short 
at  this  point  and  will  not  pass  through  the  plugs.  It  is  not 
necessary  that  the  insulation  be  worn  down  to  the  metal  of 
the  wire.  If  a  sharp  snapping  is  heard  when  the  engine  is  under 
a  heavy  pull,  it  is  evidence  of  short-circuit  of  the  high-tension 
wiring  and  the  fault  usually  will  be  found  with  imperfect  in- 
sulation of  the  spark  plug  wires.  Should  the  plug  and  plug  wire 
show  no  evidence  of  fault,  examine  the  distributor  arm  in  the 
distributér  for  poor  contaet. 


Ignitíon  Timing  on  Overland 

Igftition  timing  should  be  adjusted  only  by  an  experienced 
repair  man.  When  properly  set  with  a  fully  retarded  spark  lever 
the  dead  center  mark  on  the  flywheel  should  be  pást  the  check 
mark  on  the  crankcase,  as  follows: 

Overland  model  85-4 lA  to  li^  inches 

Overland   model  85-6 %  to  1%  inches 

Willys-Knight    model    88-4 2^4  to           inches 

Willys   six    model   88-6 %  to  1%  inches 

Willys-Knight   model   88-8 1%  to          inches 

Willys  six  model  89- %  to  1^  inches 

Overland   model  90- gj  to  1^  inches 

Locating  Short-CircidU 

A  short-circuit  may  occur  at  any  point  in  the  electrical  sys- 
tém but  usually  is  found  in  the  connector  or  switch  terminals 
and  usually  is  caused  by  frayed  ends  of  wires  bridging  across 
the  terminals.  A  short-circuit  may  be  caused  by  a  double  ground, 
that  is,  wires  of  opposite  polarity  may  be  in  metallic  contaet 
with  the  frame  of  the  machine.  The  ammeter  always  will  show 
whether  or  not  a  short-circuit  exists  in  any  part  of  the  wiring, 
except  from  the  battery  to  the  switch  bua  bar  and  in  the  start- 
ing  motor  and  ignition  circuits.  To  make  a  complete  test  for 
short -circuits  proceed  as  follows: 
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Ezamine  carefull^  every  ineh  of  the  conductor  wires  connected 
at  one  end  of  the  battery  terminals  and  at  the  other  end  to  the 
bus  bar  of  the  lighting  switch.  Make  oertain  that  the  insula- 
tion  íb  perfect  and  that  no  metal  corners  or  edges  cut  through, 
also  that  no  wire  ends  or  strands  touch  another  connector.  In 
the  samé  manner  examine  carefully  the  wiring  from  the  battery 
to  the  starting  motor  and  starting  switch.  Give  particular  at- 
tention  to  the  ends  of  the  armored  wire  to  make  súre  that  the 
armor  has  not  cut  the  insulation.  If  the  battery  has  been  dis- 
charged,  háve  it  fuUy  charged.  Tag  or  mark  the  wires  and  bat- 
tery leads  or  binding  posts  before  removing  the  battery  for 
charging,  so  that  the  wires  can  be  connected  again  ezactly  as 
they  were. 

When  replacing  the  battery  connect  the  ground  wire  that 
runs  to  the  starting  motor,  to  the  negatíve  terminál  of  the  bat- 
tery. The  other  wires,  of  which  there  will  be  three  or  fonr, 
should  be  connected  to  the  positive  terminál.  Before  connecting 
these  wires  to  the  positive  terminál  touch  each  one  to  the  tetminal 
quickly,  and  watch  for  the  smallest  spark.  If  there  is  any  spark 
whatever  it  indicates  a  short-circuit  or  ground  in  that  circuit. 
Trace  the  wire  carefully  until  the  trouble  is  found.  With  all 
switches  **ottf**  grounds  or  shorts  will  be  found  as  follows:  In 
the  starting-motor  circuit,  between  the  battery  and  the  starting 
switch;  in  the  ignition  circuit,  between  the  battery  and  the 
steering  column  switch  box;  in  the  lighting  circuit,  between  the 
battery  and  the  ammeter  or  between  the  ammeter  and  the  switch 
box  or  between  the  ammeter  and  the  generátor;  and  in  closed 
cars  only,  between  the  battery  and  the  switches  for  the  dome  or 
wall  lights. 

If  the  short  is  in  the  generátor  circuit,  disconnect  at  the  cutout 
or  circuit  breaker  the  wire  leading  to  the  ammeter.  If  the  short 
still  shows  with  this  wire  disconnected,  the  trouble  is  in  the  wiring. 
I  f  not,  the  trouble  may  be  in  the  circuit  breaker  itself. 

If  no  sparking  occurs,  make  a  second  connection  to  the  bat- 
tery. Then  with  the  engine  at  a  standstill,  close  the  several 
switches  to  the  lighting  circuit,  one  at  a  time,  and  watch  the 
ammeter  needle  perform  as  each  switch  is  closed.  If  the  needle 
spríngs  to  the  extréme  left  side  of  the  inštrument  and  holds  there, 
a  short-circuit  exists  somewhere  in  the  circuit  whose  switch  is 
closed,  between  a  switch  and  that  light  or  horn.     Try  all  cir- 


AUTO-LITE  STAETTNO  AND  LIOHTING  ÔYÔTEMÔ  247 

cuits  in  this  manner,  one  at  a  time.  1/  the  ammeter  indieates 
only  the  proper  amount  of  current  consumption  of  the  several 
lighting  circuits,  as  they  ate  switched  on,  no  further  search  for 
Bhort-circuits  is  necessary.  However,  if  the  ammeter  needle 
Bprings  against  the  aide  of  the  čase,  while  on  one  or  more  cir- 
cuits,  proceed  as  follows: 

Trace  out  the  circuits,  watching  carefnlly  for  grounds  and 
short-circuits.  If  no  trouble  is  found  in  the  wiring,  it  will  be 
located  in  the  lámp  sockets,  the  connector  or  the  bulb  itself.  The 
tronble  mušt  be  corrected  and  repairs  made  very  carefully  to 
prevent  a  possibility  of  a  recurrence.  In  čase  one  or  more  bulbs 
fail  to  barn,  the  tróuble  may  be  due  to  bumed-out  bulbs  or  de- 
fective  connection  at  the  switch  box  connectors  or  lámp  sockets. 
Trace  out  the  defective  cireuit  carefuUy  until  the  trouble  is 
located. 
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CHAPTER  XX 

Delco  Electrical  Systems  for  the 

Motor  Car 

SEVEBAL  diíferent  types  of  starting,  lighting  and  ignition 
systems  háve  been  built  by  the  Dayton  Engineering  Labora- 
tories Co.,  Dayton,  Ohio,  and  a  brief  description  of  a  typical 
example  of  each  of  these  systems  will  be  given  in  the  following 
paragraphs. 


6-24.Volt,  Single-Uiiit,  Two-Wi 

Thi8  type  of  electrical  equipment  was  used  on  the  1912  Cadillac 
and  on  the  Cole,  Hudson,  Oakland  and  Oldsmobile  cars  during 
1913. 

The  principál  units  are  a  two-pole  combination  motor  and  gen- 
erátor with  a  single  armatúre  winding  which  generates  at  6  volts 
and  operates  as  a  motor  on  24  volts;  a  storage  battery  of  four 
groups  of  three  cells  each,  connected  to  a  special  controUer  in 
šuch  a  way  as  to  permit  of  serieš  or  párali el  grouping;  a  dual 
ignition  systém  using  current  from  the  generátor  and  also  pro- 
viding  for  ignition  from  five  dry  cells.  The  special  controller  is 
mounted  in  the  battery  box.  The  systém  is  free  from  grounds. 
8ix-volt  lamps  are  used.  The  circuit  between  the  generátor  and 
the  battery  is  opened  and  closed  by  an  electromagnetic  cutout. 
This  cutout  is  motinted  above  the  special  controller,  and  in  addi- 
tion  a  special  ampere-hour  meter  is  mounted  in  the  battery  box 
and  serves  to  regulate  the  output  of  the  generátor.  The  two-wire 
systém  is  used  throughout.  No  fuses  or  circuit  breakers  are  used. 
A  wiring  diagram  of  a  systém  of  this  kind  is  shown  in  Fig.  175. 

Startmg  Operatkm 

When  the  starting  switch  is  depressed  it  closes  the  circuit  at 
its  two  contact  points,  and  the  following  results  are  accomplished. 
The  circuit  is  completed  from  the  6-volt  battery  through  the 
winding  of  the  magnetic  latch  and  the  serieš  field  and  the  arma- 
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túre  windingB  of  the  clectrical  unit,  which  causes  the  armatúre  to 
revolve,  and  the  machine  acts  as  a  serieš  motor.  No  power  is 
transmitted  to  the  en  gine  crankshaft,  as  the  shaft  of  the  elec- 
trical  unit  and  the  erankshaft  are  connected  by  an  over-running 
clutch  which  is  capable  of  transmitting  power  only  from  the 
engine  to  the  flectrical  unit.  If  the  clutch  pedál  is  pressed  down 
noWy  the  gears  connecting  the  electrical  unit  and  engine  erank- 
shaft are  meshed  and  the  controUer  thrown  over  to  the  24-volt 
position,  and  the  serieš  winding  of  the  electrical  unit  and  its 
armatúre  are  connected  directly  in  serieš  with  the  24-y ol t  bat- 
tery.  If  the  ignition  button  has  been  depressed  the  engine  should 
now  štart  to  operate  under  its  own  power.  When  the  engine  picks 
up  and  runs  faster  than  the  electrical  unit  tends  to  operate  it  the 
starting  clutch  will  slip  and  the  driving  clutch  on  the  opposite 
end  of  the  shaft  will  také  hold  and  drive  the  electrical  unit. 
The  clutch  pedál  should  be  released  as  soon  as  the  motor  fires. 
When  this  pedál  is  released  the  special  controUer  switeh  is 
changed  from  a  24-volt  battery  connection  to  a  6-volt  connection, 
and  the  starting  gears  are  disengaged. 

A  simplified  diagram  of  the  electrical  circuit  for  operating  the 
starting  motor  is  shown  in  Fíg.  176.  This  diagram  is  applicable 
to  all  6-24-volt  systems  and  i  t  shows  the  manner  in  which  6  volts 
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Fiff.  176 — WMng  diagram  o  f  the  starting-motor  circuit  for  aU 

6-24- ľol<  Delco  šifatema 

is  maintained  at  the  lights  while  24  volts  is  applied  to  the  starting 
motor. 

RegnUtion  of  Genermtor  Onlpal 

As  soon  as  the  engine  exceeds  a  certain  speed  the  generátor 
produces   enough   electrical   pressure  to   close   the   cutout   relay, 
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wbicb  eonneets  the  generátor  terminals  to  the  storage  battery 
throagh  the  ampere-bour  meter.  While  the  battery  ia  charging 
the  large  bánd  on  the  ampere-bóur  meter  revolves  slowly  in  a 
eounter-eloekwise  direction.  The  small  bánd  on  the  meter  merely 
Berves  aa  a  means  of  determining  at  a  glance  if  the  battery  is 
eharging  or  discharging. 

The  sbunt-field  eurrent  of  the  electrícal  unit  can  be  traced  aa 
follows:  Starting  with  the  terminál  on  the  electrical  unit  marked 
1  in  Fig.  175,  then  to  the  terminál  marked  1  on  the  battery  box, 
then  to  the  second  terminál  from  the  top  on  the  si  de  of  the  knife 
switch  toward  the  battery,  through  the  contaet  of  the  knife 
switch  when  it  is  closed,  thence  to  one  of  the  contacts  directly 
above  the  ampere-hour  meter.  Terminál  2  on  the  electrical  unit 
alao  is  conneeted  to  one  of  the  contacts  directly  above  the  ampere- 
hour  meter,  as  shown  in  the  diagram.  An  inspection  of  the  dia- 
gram will  disclose  the  fact  that  the  electrical  circuit  is  com- 
pleted  through  the  two  sets  of  contacts  at  the  ampere-hour  meter 
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Fig,  177 — Wiritiff  diagram  for  aJl  6-24-toIí  Delco  ay$tem$  when 
the  tnachine  is  operating  as  a  generátor 

and  will  remain  so  until  the  large  hand  moves  back  to  zero,  when 
it  will  cause  the  right  set  of  contacts  to  open  and  thus  introduce 
the  resistance  in  serieš  with  the  shunt  field.  A  further  move- 
ment  of  the  large  pointer  will  cause  the  left  set  of  contacts  to 
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open  and  thus  opens  the  field  circuit.  The  introduction  of  the 
resistance  in  the  field  circuit  of  the  electrical  unit  reduces  the 
voltage  generated  in  the  armatúre  and  hence  the  current  it  de- 
iivere  to  the  battery.  When  the  condition  of  chargé  has  reached 
a  eertain  point  the  voltage  of  the  electrical  unit  is  reduced  to 
practically  zero  valne  by  opening  the  field  circuit  and  the  cutout 
immediately  disconnects  the  battery.  -As  the  battery  becomes 
discharged  the  large  hand  on  the  ampere-hour  meter  will  turn  in 
a  clockwise  direction  and  the  contacts  will  be  restored  to  a  closed 
position. 

A  diagram  of  the  charging  circuit  for  all  Delco  6-24-volt  sys- 
tems  Í8  shown  in  Fig.  177.  This  shows  all  connections  as  they 
exist  when  the  machine  is  operating  as  a  generátor.  The  heavy 
línes  indicate  the  path  of  the  main  charging  current. 

Syitems  With  Mercury  WeD  Regulátor 

The   systems   using   the   mercury   weA   voltage   regulation   eon- 
veniently  may  be  classified  as  follows: 
Two-terminal  electrical  unit. 
Four- terminál  electrical  unit. 
Elei*trical  unit  equipped  with  motor  brush  switch. 
Two-terminal  electrical  unit  with  mercury  well  regulátor. 

Two-Terminal  Electrical  Unit 

The  two-terminal  electrical  unit  has  a  single  armatúre  but  the 
armatúre  is  equipped  with  two  commutators.  The  larger  of  the 
two  commutators,  which  is  toward  the  front  of  the  car,  is  used 
for  the  generátor  operation,  while  the  smaller  one,  which  is  to- 
ward the  rear  of  the  car,  is  used  for  the  starting  motor  operation. 
The  electrical  unit  is  provided  with  two  field  windings,  a  shunt 
and  a  serieš.  The  shunt-field  winding  is  connected  between  the 
two  terminals  on  top  of  the  electrical  unit.  The  series-field 
winding,  which  is  used  for  the  starting  motor  operation,  is  con- 
nected between  the  positive  starting  motor  brush  and  the  con- 
ductor  leading  to  the  starting  motor  switch. 

The  shaft  of  the  electrical  unit,  when  it  is  operating  as  a  gen- 
erátor, is  driven  by  an  over-running  clutch  carried  inside  the 
housing  of  the  machine.  When  the  unit  is  acting  as  a  sťartiyig 
motor  the  drive  is  to  the  flywheel  through  a  pair  of  sliding  gearB. 
The  larger  one  of  the  gears  has  an  over-running  clutch  mount^ 
in  it. 

The  systém  is  of  the  6-volt,  single^ivire  type  with  the  negatívy 
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terminál  grounded.  The  voltage  of  the  generátor  is  controlled 
by  a  mercury  well  regulátor.  A  complete  description  of  this 
type  of  regulátor  will  be  found  in  one  of  tbe  ebapters  of  Vol  I. 
An  electromagnetic  cutout  of  the  usual  Delco  type  provides  a 
means  of  automatically  connecting  and  disconnecting  the  gen- 
erátor and  storage  battery.  The  wiring  diagram  of  a  systém  of 
this  kind  as  used  on  the  1914  Moon  car  model  6-50  is  shown  in 
Fig.  178. 

The  starting  operation  is,  briefly,  as  follows:  When  the  start- 
ing  button  on  the  combination  switch  is  depressed,  a  circuit  is 
eompleted  from  the  storage  battery  through  the  generátor  arma- 
túre and  back  to  the  battery,  which  causes  the  armatúre  to  rotate 
slowly  and  thus  allow  the  train  of  gears  connecting  the  pinion 
on  the  shaft  of  the  electrical  unit  and  the  gear  on  the  flywheel 
to  mesh  easily.  When  the  starting  pedál  is  thrown  forward  it 
puts  the  gears  into  mesh  and  operates  the  starting  motor  switch. 
The  starting  switch  does  not  move  into  its  closed-eircuit  position 
immediately  ií))on  pressing  the  starting  pedál,  but  a  coil  spring  is 
compressed  and  when  the  starting  pedál  has  about  reached  the 
extréme  end  of  its  travel  a  latch  is  tripped  and  tho  starting 
switch  quickly  is  closed. 

Four-Temunal  Electrical  Unit 

The  four-terminal  electrical  unit  with  mercury  well  regulátor 
is  a  two-polc  machine  with  its  poles  on  a  vertical  axis  and  each 
pole  provided  with  a  shunt  and  serieš  winding.  Four  small  ter- 
minals  and  one  large  terminál  are  provided  on  the  front  end  of 
the  electrical  unit,  or  the  end  toward  the  front  of  the  car.  The 
electrical  unit  is  provided  with  an  armatúre  but  this  armatúre 
has  two  windings  and  two  commutators.  The  larger  of  the  two 
commutators,  which  is  toward  the  front  of  the  car,  is  used  in  the 
cranking  operations,  while  the  smaller  of  the  two  commutators, 
toward  the  rear  of  the  car,  is  used  when  the  electrical  unit  is 
operating  as  a  generátor.  The  driving  connections  between  the 
armatúre  of  the  electrical  unit  are  practically  the  samé  as  those 
used  f  or  the  two-terminal  electrical  unit. 

The  equipment  used  in  the  cranking  operation  is  a  combina- 
tion of  that  used  in  the  6-24-volt  systém  and  that  used  with  the 
two-terminal  electrical  unit  systém.  The  first  operation,  of  course, 
in  cranking  is  to  close  the  starting  button  on  the  combination 
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switch.  When  this  switch  is  closed  the  magnetie  latch  coil  is 
energized  and  a  circuit  is  completed  through  the  generátor  arma- 
túre, causing  the  armatúre  of  the  el^sctrical  unit  to  revolve 
slowly,  which  greatly  assists  in  the  meshing  of  the  starting  gears. 
The  wiring  diagram  of  a  good  example  of  a  systém  of  this  kind  is 
shown  in  Fig.  179.  The  energizing  of  the  magnetie  latch  coil 
links  the  mechanism  which  operates  the  gears  and  starting  switch 
to  the  clutch  pedál  shaft.  I)epresBÍng  the  clutch  pedál  then  puts 
the  gears  into  mesh  and  closes  the  starting  motor  switch. 

The  systém  is  of  the  two-wire  ungrounded  type  and  for  this 
reason  four  terminals  are  required  on  the  electrical  unit.  The 
terminals  on  the  electrical  unit,  as  you  face  the  terminál  end,  are 
connected  as  follows:  The  left  terminál  is  connected  to  the 
positive  brush  of  the  generátor,  the  next  terminál  is  connected 
to  the  end  of  the  upper  shunt  field  coil,  the  third  terminál  is 
connected  to  the  negative  generátor  brush  and  also  the  terminál 
of  the  lower  shunt  field  coil,  and  terminál  No.  4  leads  to  the 
negative  motor  brush. 

In  this  systém  no  circuit  breaker  is  employed  to  protect  the 
battery  against  overload  on  the  lighting  circuits,  but  a  protec- 
tion  is  provided  in  these  circuits  by  introducing  suitable  fuses. 

Regidation  d  Four-Temiinal  Unit 

The  regulation  of  this  electrical  unit  while  it  is  operating  as 
a  generátor  is  the  samé  as  in  the  čase  of  the  two-tcrminal  type 
of  electrical  unit,  which  has  already  been  described,  with  the 
foUowing  addition.  An  adjustable  resistance  is  connected  in 
serieš  with  the  windíng  of  the  mercury  well  regulátor  by  which 
the  charging  rate  of  the  generátor  can  be  changed.  It  is  ad- 
visable  to  increase  the  charging  rate  in  cold  weather  and  reduce 
it  in  warm  weather.  The  adjustmcnt  in  the  resistance  is  brought 
about  by  moving  a  small  lever  which  has  one  of  its  ends  extending 
through  a  slot  in  the  cover  of  the  regulátor.  When  this  lever  is 
at  the  left  end  of  the  slot  the  charging  rate  is  reduced  to  its 
lowest  value,  and  when  it  is  at  the  right  end  of  the  slot  the  charg- 
ing rate  is  at  its  maximum  value. 

The  lighting  and  ignition  switches  are  carried  on  the  dash. 
The  lighting  switch  is  provided  with  three  push  buttons  which 
eontrol  the  various  lighting  circuits  and,  in  addition,  a  fourth 
button  which  is  called  the  starting  button.     The  ignition  switch 
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serves  to  make  the  necessary  connections  for  the  ignition  circuits. 
There  are  four  plunj^ers  on  the  switch.  The  lower  plunger  is 
marked  ''štart."  When  it  Í8  depressed  a  shower  of  sparks  is 
produced  across  the  spark  plug  pointa.  This  switch  should  be 
used  only  in  starting  the  engine.  The  button  at  the  lei  t  is  marked 
"B."  It  puts  the  dry  battery  ignition  systém  into  operation 
when  it  is  depressed.  The  button  at  the  right  is  marked  ''M.'' 
It  puts  the  generátor  ignition  systém  into  operation  when  it  is 
depressed  and  at  the  samé  time  eauses  the  button  B  to  be  re- 
leased  thus  killing  the  dry  battery  ignition.  The  button  at  the 
top  is  marked  "Lock"  and  ''Open/'  and  when  it  is  pushed  in  it 
releases  any  of  the  other  buttons  that  may  be  depressed  and  thus 
euts  off  the  ignition  Írom  either  source.    This  top  button  is  pro- 
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vided  with  a  locking  device  which  is  made  operativc  by  turning 
the  button  so  the  word  *  *  Lock  *  *  is  at  the  top.  The  button  mušt 
be  tumed  so  the  word  *'Open"  is  at  the  top  in  order  that  any 
of  the  other  buttons  may  be  depressed. 

Unit  With  Motor  finnh  Switch 

A  good  ezample  of  a  Delco  electrical  unit  equipped  with  a  motor 
brush  switch  and  mercury  well  regulation  is  shown  in  the  wiring 
diagram  in  Fig.  180.  The  systém  is  of  the  single-wire  type,  and 
the  negative  terminál  is  grounded  as  shown  diagrammatically  in 
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the  figúre.  When  the  Btarting  button,  shown  at  8  in  the  wiring 
diagram,  is  depressed  eurrent  is  sent  through  the  armatúre  of 
the  generátor  and  shunťfield  winding,  which  causes  it  to  rotatc 
slowly.  Pressing  down  on  the  starting  pedál  opens  the  generátor 
circuit  at  the  negatíve  b'rush  of  the  starting  motor,  throws  the 
starting  motor  gears  into  mesh  and  closes  the  circuit  through 
the  armatúre  and  field  winding  of  the  starting  motor.  As  soon 
as  the  starting  pedál  is  released  and  the  speed  of  the  generátor 
reaches  a  sufficient  value  so  that  the  eurrent  produced  in  the 
winding  of  the  cutout  pulls  its  contacts  together,  the  generátor 
will  štart  to  chf^rge  the  battery  and  will  continue  to  do  so  unless 
its  voltage  drops  below  that  of  the  storage  battery. 

Ddco  Junior  System  1914 

The  electrieal  unit  used  in  connection  with  this  systém  is  a 
combined  motor  and  generátor  with  a  single  armatúre  equipped 
with  two  commutators,  both  being  at  the  end  of  the  armatúre 
toward  the  front  of  the  car.  The  larger  commutator  is  nearer 
the  armatúre  winding  and  is  for  the  starting  motor  opcration 
while  the  smaller  commutator  is  for  the  generátor  action.  The 
systém  is  of  the  single-wire,  6-volt  type  with  the  negatíve  sido 
grounded  to  the  frame  of  the  car.  A  wiring  diagram  of  a  systém 
of  this  kind  is  shown  in  Fig.  181. 

An  electromagnetic  cutout  is  located  inside  the  upper  part  of 
the  housing  of  the  electrieal  unit  which  performs  a  double  func- 
tion.  When  the  starting  pedál  is  depressed  the  cutout  contacts 
are  closed  by  one  arm  of  a  beli  crank  which  has  its  remaining 
arm  connected  to  the  rod  that  operates  the  sliding  gears.  As 
soon  as  the  cutout  contacts  are  closed  a  eurrent  will  be  produced 
in  the  shunt-field  winding  and  the  generátor  armatúre  winding  of 
the  electrieal  unit,  which  will  cause  the  armatúre  of  the  electrieal 
unit  to  rotate  and  thus  assist  in  meshing  the  driving  gears. 
Attached  to  the  rod  which  moves  the  gears  into  mesh  with  each 
other  is  a  rod  which  extends  through  the  housing  of  the  electrieal 
unit.  When  the  starting  pedál  is  depressed  this  long  rod  is  drawn 
toward  the  rear  of  the  housing  and  causes  the  starting  motor 
brush,  which  normally  is  raised  from  the  commutator,  to  make 
eontact  with  the  commutator  and  one  of  the  generátor  brushes 
is  raised,  which  opens  the  generátor  charging  circuit.  When  the 
starting  pedál  is  released  the  motor  brush  is  raised,  the  generátor 
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brush  Í8  rpstored  to  its  normál  position  on  the  commutator  and 
the  cutout  contacts  are  allowed  to  open  unless  the  current  in  the 
winding  of  the  cutout  is  ample  to  keep  the  contacts  closed. 

The  elcctrieal  unit  is  provided  with  three  field  windings  as 
shown  diagrammatically  in  the  figúre.  The  serieš  field  winding 
is  in  service  only  when  the  electrical  unit  is  being  used  as  a 
motor.  The  shunt-field  winding  is  connected  directly  across  the 
terminals  of  the  generátor  armatúre.  The  reverse  series-field 
winding  is  in  serieš  with  the  line  from  the  generátor  to  the  cut- 
out and  carries  all  the  current  be^ng  delivered  by  the  generátor. 
The  magnetizing  action  of  this  reversed  series-field  winding  is 
opposite  to  that  produced  by  the  shunt-field  and  as  the  current 
delivered  by  the  generátor  increases  an  increased  demagnetizing 
action  Í8  produced,  which  tends  to  prevent  an  increase  in  the 
current  delivered,  as  the  voltage  generated  in  the  armatúre  wind- 
ing will  not  be  as  high  as  it  would  be  i  f  the  magnetic  field  were 
not  acted  úpon  by  the  reversed  series-field  winding. 


Five-Button  Dash  Switch  Systems  1915 

The  Delco  electrical  systems  f  or  1915  are  equipped  with  the 
dash  type  of  switch,  which  has  three  lighting  buttons  and  two 
ignition  buttons.  Three  different  types  of  equipment  will  be  con- 
sidered.  The  main  diíference  in  these  systems  is  in  the  method 
employed  in  regulating  the  output  of  the  generátor. 

Regulation  by  Centrifugal  Governor 

The  type  used  more  than  any  other  is  onc  in  which  the  current 
output  of  the  generátor  is  regulated  by  a  centrifugally-operated 
governor  and  field  resistance.  This  type  is  used  on  the  Auburn, 
Buick  models  38  and  54,  Cole  6-50,  Hudson  6-40,  Jackson,  Moon, 
Oaklandy  Oldsmobile,  Paterson  and  Westcott. 

A  wiring  diagram  of  an  installation  of  this  kind  on  the  1915 
Auburn  6-40  is  shown  in  Fig.  182.  The  amount  of  the  regulating 
resistance  in  serieš  with  the  shunt  field  of  the  generátor  is  de- 
termined  by  the  speed  of  the  shaft  of  the  electrical  unit,  which 
causes  the  contact  arm  to  move  up  and  down  on  the  regulating 
resistance  by  the  action  of  the  centrifugally-operated  governor. 

The  starting  operation  is  performed  as  follows:  Button  M  on 
the  eombination  dash  switch  is  pulled  ont,  and  this  closet  two 
circmts.    One  may  be  traced  from  the  positive  side  oí  the  battexy 
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to  terminál  point  1,  through  the  winding  of  thc  circuit  breaker, 
through  the  upper  switch  springs  of  the  left  switeh,  which  now 
are  closed,  to  th?  terminál  point  8,  then  through  the  primáry 
winding  of  the  ignition  eoil  through  the  timing  contacts,  the 
resistance  unit  and  to  ground,  which  completes  the  eircuit  as  the 
negatíve  terminál  of  the  battery  is  grounded. 

The  second  circuit  closed  by  the  button  M  may  be  traced  as 
follows:  Starting  with  the  positive  terminál  of  the  battery  to 
the  terminál  point  1,  through  the  lower  switch  springs  of  the 
left  switch,  which  are  now  closed,  to  the  terminál  point  7,  then 
to  the  junction  point  of  the  shunt  íield  circuit  and  the  generátor 
armatúre  circuit,  where  the  circuit  divides.  One  path  is  through 
the  generátor  armatúre  through  the  switch  above  the  motor  brush 
to  ground,  which  corresponds  to  the  negatíve  terminál  of  the 
battery,  and  the  other  path  is  through  the  shunt-field  winding 
and  rogulating  resistance  to  the  ground  connection,  or  negatíve 
terminál,  of  the  battery. 

As  Boon  as  the  button  M  is  depressed  the  generátor  armatúre 
acts  as  a  motor  and  revolves  slowly.  When  the  starting  p?dal  is 
depressed  the  gears  connecting  the  armatúre  of  the  electrical 
unit  to  the  crankshaft  of  the  engine  are  thrown  into  mesh,  and 
thc  starting  motor  circuit  is  closed  by  lowering  the  motor  brush. 
At  the  samé  time  the  motor  brush  is  lowered,  the  generátor  arma- 
tiire  circuit  is  opened.  When  the  starting  pedál  is  released  the 
motor  circuit  immediately  is  opened  and  the  generátor  armatúre 
circuit  closed.  The  generátor  armatúre  circuit  now  is  connected 
to  the  terminals  of  the  battery  and  will  chargé  the  battery,  pro- 
vided  the  voltage  generated  in  the  armatúre  winding  of  the  gen- 
erátor exceeds  the  voltage  of  the  battery.  When  the  engine  is 
operated  at  low  speeds  or  stopped  with  the  button  M  depressed 
the  battery  voltage  will  exceed  the  generátor  voltage,  and  the 
battery  will  štart  to  discharge  through  the  armatúre  and  field  of 
the  generátor  and  the  generátor  will  be  acting  as  a  motor.  It 
will  not  transmit  any  power  to  the  engine  crankshaft  as  the 
over-running  clutch  connecting  the  two  will  allow  the  armatúre 
of  the  electrical  unit  to  run  ahead  of  the  engine.  The  construc- 
tion  of  the  over-running  clutch  is  šuch  that  a  clicking  sound  will 
be  heard  when  the  generátor  is  acting  as  a  motor  and  serves  as 
a  warning  to  the  driver  to  pull  out  the  button  M  if  the  engine 
Í8  stopped  with  the  button  depressed. 
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The  switch  B  is  a  duplicate  of  the  one  just  described.  It 
functions  in  exactly  the  samé  way  in  connecting  the  generátor 
armatúre  terminals  and  the  batterj.  When  switch  B  is  closed  the 
ignition  current  is  supplied  by  a  set  of  dry  eells  instead  of  being 
obtained  from  the  storage  battery. 

The  switch  T  controls  the  eowl  and  taillights.  The  switch  S 
Controls  the  low-candlepower  headlights  and  the  switch  H  con- 
trols the  high-candlepower  headlights.  AU  current  drawn  from 
the  storage  battery,  except  that  required  to  operate  the  starting 
motor,  passes  through  the  circuit  breaker  winding,  and  should 
this  current  become  excessive  the  circuit  breaker  immediately 
will  operate  similarly  to  a  buzzer  and  thus  serve  as  a  warning 
that  something  is  wrong  with  some  part  of  the  electrical  systém, 
due  to  a  short,  ground,  or  overload  from  some  cause. 

Regtdatíon  by  Revened  Serieš  Field 

The  second  type  of  Delco  1915  equipment  makes  use  of  the 
reversed  8?rie8-field  winding  for  regulating  the  output  of  the 
electrical  unit  when  it  is  operated  as  a  generátor.  This  systém 
is  found  on  1915  Buick  models  24  and  25  and  on  1915  Cartercar 
model  9.  The  wiring  diagram  of  the  installation  on  the  Cartercar 
is  shown  in  Fig.  183.  The  electrical  unit  used  in  this  installation 
is  similar  to  the  electrical  unit  used  in  connection  with  the  Delco 
Junior  systém.  The  last  switch  on  the  right  end  connectn  the 
headlights  to  the  battery  with  the  dimmer  resistance  in  serieš. 
If  the  second  switch  from  the  right  end  is  closed,  the  dimmer 
resistance  is  short-circuited  and  the  lamps  are  connected  directly 
to  the  battery. 

Regidation  Combination  with  Current  Regulátor 

The  third  t^e  of  Delco  1915  equipment  used  a  current  regulá- 
tor in  addition  to  the  reversed  serieš  field.  The  1915  Cole  model 
4-40  uses  this  systém.  A  wiring  diagram  is  shown  in  Fig.  184. 
The  winding  of  the  current  regulátor  is  connected  directly  in 
serieš  with  the  lead  from  the  positive  generátor  brush  to  the 
terminál  point  6  and  carries  all  the  current  delivered  by  the 
generátor.  If  this  current  exceeds  a  certain  value,  the  armatúre 
of  the  controller  is  drawn  up  and  the  contact  points  open,  which 
introduces  a  resistance  in  serieš  with  the  shunt-field  winding. 
This  increase  in  shunt-field  resistance  causes  a  decrease  in  the 
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fieid  curreDt  aad,  benee,  a  decreaae  íd  the  stren^^h  of  the  mag- 
netie  fieId  in  which  the  armatúre  ii  rotating.  This  wilt  result 
in  B  decrease  in  the  voltage  generated  in  the  armatúre  of  the 
clectrical  unit,  wbich  will  CBuae  a  rcduction  in  the  value  of  the 
current  being  delivered.  When  the  currcnt  dropa  below  a  eertain 
value  the  contactB  will  close  and  the  output  will  incrense  iu 
value.  Tbis  cycie  of  operations  will  bc  rppeatcil  many  timca  a 
minuté,  and  the  current  actuallj  will  rcmain  prattically  con> 
Btant  in  valne. 

Hiird  Bnnh  Recolation 

The  output  of  praeticall;  all  the  electrical  unit  s,  when  operat- 
inK  aa  a  generátor,  that  were  put  out  by  the  Delco  companf  dur- 
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ing  1916  and  since,  arc  rcgulated  by  thc  third-brush  method.  The 
eonstruction  of  the  electricaľ  units  for  tho  different  installations 
is  practically  the  sanie.  The  chief  difference  is  in  the  wiring 
and  type  of  combination  switch.  The  majority  of  thc  installa- 
tions use  a  push-button  type  of  switch  with  four  push  buttons 
instead  of  five.  Front  views  of  two  different  four-button  switches 
are  shown  in  Figs.  185  and  186.  The  only  difference  in  the  two 
switches  is  that  an  ammeter  is  provided  on  one  and  there  is  none 
on  the  other.  The  operation  of  this  switch  is  practically  the 
samé  as  the  operation  of  the  five-button  type  except  that  a  single 
ignition  button  is  used  and  the  dry  batteries  are  done  away  with. 
The  wiring  diagran)  of  a  typical  systém  of  this  kind  is  show^n  in 
Fig.  187.  An  ammeter  is  connected  in  the  lead  from  the  positive 
battery  terminál  to  thc  terminál  post  marked  3  in  the  diagram. 
The  starting  motor  is  equipped  'with  a  brush  type  of  starting 
switch,  and  the  operation  of  this  starting  switch  opens  the  lead 
from  the  positive  generátor  brush  to  the  terminál  post  marked  2. 
The  generátor  acts  as  a  motor  when  the  combined  starting  and 
Ignition  switch  is  pulled  out  and  thus  assists  in  meshing  the 
starting  gears.  This  type  of  electrical  systém  is  used  on  the 
Auburn  6-40A,  Buick  D-44, 45  and  D-54, 55,  Buick  D-4  truck,  Moon 
models  6-30  and  6-40,  Oakland  38,  Oldsmobile  43  and  Westcott 
models  41  and  51. 

Six-Volt,  Two-Unit,  Single-Wire 

The  generátor  on  the  6-volt,  two-unit,  single-wirc  Deloo  systém 
is  of  the  round-frame  eonstruction  with  two  polcs.  There  are  two 
main  brushes  resting  on  the  commutator  and  also  a  third  brush. 
In  some  machines  only  one  shunt  coils  is  provided,  whilc  in  others 
there  are  two  shunt  coils,  one  on  each  of  the  poles.  One  terminál 
of  the  machine  is  grounded  and  the  remaining  terminál  is  con- 
nected to  a  terminál  post  on  the  end  of  the  machine.  The  shunt- 
field  coil  has  one  of  its  terminals  connected  to  thc  third  brush 
and  the  other  end  may  be  connected  to^  the  terminál  on  the  ma- 
chine, or  in  some  cases  it  is  led  to  the  switch  on  the  dash. 

Begulation  is  by  the  third-brush  method.  The  output  of  the 
generátor  is  incrcascd  by  moving  thc  third  brush  in  the  direc- 
tion  of  rotation.  The  adjustmcnt  of  the  third  brush  should  be 
made  carefully  by  an  cxperienced  person,  and  čare  should  be 
taken  to  sec  that  it  seats  perfectly  on  the  commutator  after  its 
position  is  changed. 
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Slaitiiig  Motor 

The  starting  motor  is  a  series-woundy  four-pole,  6>yolt  type. 
The  internal  connections  are  shown  diagrammatically  in  Fíg.  188. 
The  motor  shaft  is  fitted  with  a  Bendix  drive,  whjch  engages 
with  the  teeth  on  the  flywheel  as  soon  as  the  armatúre  of  the 
motor  starts  to  revolve.  The  starting  switch  is  of  the  pedál- 
operated  plunger  type. 

Tjrpical  Wiring  Diagram 

The  complete  wiring  diagram  of  a  systém  of  the  two-nnit  type 
as  found  on  the  1917  Westcott  cars  is  shown  in  Fig.  188.  The 
ignition  and  cutout  switeh  are  combined,  and  the  generátor  is 
connected  to  the  terminals  of  the  battery  when  the  ignition  switch 
is  closed.  The  generátor  will  act  as  a  motor  and  its  armatúre 
will  revolve,  as  it  is  connected  to  the  pump  shaft  by  an  over- 
runnin^  clutch.  As  soon  as  the  starting  switch  is  closed  the 
starting  motor  is  connected  to  the  engine  by  the  Bendix  drive 
and  cranks  the  engine,  which  will  štart  to  run  under  its  own 
power.  When  the  specd  of  the  engine  has  increased  to  a  sufficient 
value  it  starts  to  run  the  generátor,  and  finally  the  voltage  gen- 
erated  in  the  armatúre  of  the  generátor  is  greater  than  the 
voltage  of  the  storage  battery  and  the  generátor  starts  charging 
the  battery. 

AU  the  various  circuits,  except  the  ignition  and  starting  motor 
circuits,  are  protected  by  a  circuit  breaker. 

Ddco  Ignition  Syttenu 

The  Delco  ignition  systém  in  its  simplest  form  consists  of  a 
storage  battery  or  some  other  source  of  direct  current,  an  inter- 
rupter  or  breaker,  with  its  condenser,  and  a  transforming  device 
šuch  as  an  ignition  coil.  The  systems  manufactured  in  1912,  1913 
and  1914  provide  f  or  dual  ignition,  using  the  current  from  the 
storage  battery  or  generátor  and  also  from  a  separáte  set  of  dry 
cells,  although  the  samé  breaker  was  used  for  both  types  of 
ignition  on  the  later  1914  cars.  In  1915  the  single  ignition  was 
adopted  for  use  either  with  the  storage  battery  or  dry  cells.  In 
the  čase  of  the  1916  systems  and  those  following,  the  storage 
battery  is  used  for  ignition,  no  dry  cells  being  provided  on  most 
of  the  cars.     The  generál  features  of  the  Delco  ignition  systems 
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f  or  the  various  years  readily  ean  be  seen  by  reference  to  the 
wiríng  diagrama  of  the  Delco  electrical  systéme  already  given. 
The  following  generál  discussion  on  Delco  ignition  troubles  and 
their  remedies  should  be  followed  carefully  by  owners  of  4hi8 
equipment  and  repairmen  who  háve  equipment  of  this  make  to 
*look  after.  A  great  many  of  the  difficulties  are  applicable  to  all 
ignition  Systems  and  for  this  reason  should  be  given  eareful 
attention  by  everyone  having  anything  to  do  with  the  electrical 
equipment  of  the  motor  car. 

Trooblet  Wilh  Ignition  Systems 

The  troubles  with  the  Delco  ignition  systems  are  located 
readily,  if  a  systematic  attempt  is  made  to  properly  analýze 
them.  In  the  first  plače  troubles  can  be  divided  into  two  gen- 
erál elasses — ^low-tension  and  high-tension.  Low-tension  circuit 
troubles  and  their  remedies  will  be  considered  first. 

High  voltage  in  the  ignition  circuit  may  be  caused  by  loose 
connections  in  the  circuit  between  the  generátor  and  storage 
battery  or  by  a  badly  overcharged  storage  battery.  These 
troubles  are  located  very  easily  by  measuring  the  voltage  at  the 
distributér  and  at  the  storage  battery  with  a  suitable  voltmeter 
and  eomparíng  the  voltage  to  the  voltage  on  similar  cars  that 
are  operating  in  a  satisfactory  manner.  The  condition  of  the 
various  connections  can  be  observed  by  a  eareful  inspection  of 
the  apparatus.  The  condition  of  the  storage  battery  ean  be  ob- 
served by  noting  its  specific  gravity  and  by  seeing  whether  the 
amount  of  distilled  water  required  every  week  to  keep  the  battery 
filled  to  the  proper  level  is  excessive  or  not.  An  excessive  cur- 
rent  may  pass  through  the  contacts  if  the  resistance  unit  is  short- 
circuited.  This  trouble  can  be  tested  as  follows:  Remove  the 
diatributor  head  and  rotor  and  turn  on  the  ''mag."  or  generátor 
ignition,  holding  the  contacts  togcther  firmly  by  hand.  If  the 
resistance  unit  is  assembled  on  the  distributér  properly,  it  will 
heat  up;  if  it  does  not  heat  up,  it  will  indicate  that  the  resistance 
unit  is  not  in  the  circuit,  and  in  this  event  it  should  be  reas- 
sembled  properly. 

The  efíect  of  high  voltage,  whether  due  to  loose  connections  in 
the  generátor  circuit  or  to  an  overcharged  battery,  will  be  to 
permit  an  excessive  currcnt  to  pass  through  the  timer  contacts. 
A  similar  effect  will  be  noticed  if  the  resistance  unit  is  short- 
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circuited.  The  contacts  will  be  burned  or  pitted  excessively, 
although  the  ignition  may  appear  to  bc  vory  good  and  without 
a  mi88. 

ff  the  condenser  is  not  in  good  condition,  the  contacts  will 
bum  and  pit  rapidly,  due  to  the  excessive  arcing  when  they  are 
Beparated,  but  the  ignition  will  be  rather  bad,  if  indeed  it  will 
operate  the  motor  at  all,  so  that  the  burning  of  the  contacts,  due 
to  a  bad  condenser,  as  a  rule  can  be  distinguished  from  burned 
contacts  due  to  a  high  voltage  or  to  a  short-circuited  resistance 
unit.  A  very  good  test  for  the  condenser,  with  which  to  show 
whether  it  is  in  good  condition  or  not,  is  to  eonnect  it  up  in 
accordance  with  the  circuit  diagram  shown  in  Fig.  189.  For  this 
test  a  110  or  220-volt  source  of  direct  current  is  necessary,  with 
a  lámp  of  the  samé  nominal  voltage  as  the  circuit  and  the  wiring 
shown.  The  lámp  is  connected  in  serieš  with  the  line  and  the 
condenser  across  the  line.  If  the  terminals  A  and  B  are  attached 
together,  a  very  faint  spark,  which  has  a  snapping  sound  similar 
to  the  sound  made  when  leads  from  a  storage  battery  are  at- 
tached together,  should  occur.  If  the  condenser  be  disconnected 
from  the  circuit,  a  múch  different  arcing  will  be  observed,  somc- 
what  longer  and  yellower  and  without  the  distinct  snapping 
sound  mentioned  previously. 

If  a  condenser,  known  to  be  good,  is  tcsted  in  this  manner 
once,  it  will  enable  the  observer  to  distinguish  between  the  sparks 
at  the  points  A  and  B  obtained  with  a  good  condenser  and  a  bad 
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condenser  very  readily,  as  a  bad  •  condenser  will  give  the  sam© 
quality  of  spark  as  if  no  condenser  at  all  were  in  the  circuit. 
This  test  is  a  mere  qualitative  test,  but  this  is  about  the  only 
satisfactory  test  which  can  be  found  which  does  not  require  ex- 
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pensive  apparatus.  In  the  earlier  systems  the  condenser  was  iu 
the  form  of  a  flat  oblong  box,  fastened  to  the  distributor  by  four 
scrcwsy  but  in  a  great  many  of  the  1916  and  later  systems  the 
condenser  is  mounted  inside  the  black  čase  containing  the  igni- 
tion  coil. 

In  the  čase  of  all  the  breaker  assemblies  built  in  1915  or  earlier, 
particular  attention  mušt  be  paid  to  the  little  pigtail.  If  this  is 
broken  off  the  contact  arm,  the  latter  will  tend  to  stick  to  the 
fttud  on  which  it  moves,  will  permit  excessive  arcing  at  the  con- 
tacts  and  as  a  rul§  will  cause  a  very  decided  ignition  miss.  It 
will  be  well,  therefore,  to  make  carcful  examination  of  the  con- 
tacts  and  make  surc  that  they  are  adjustcd  correctly  from  a 
mcchanical  point  of  view  and  that  this  pigtail  is  in  plaee,  before 
proceeding  with  any  of  the  electrical  tests.  The  contacts  con- 
sist  of  small  disks  of  tungsten  welded  to  a  copper  base,  which  in 
turn  is  welded  to  a  support,  šuch  as  a  steel  screw  or  contact  arm. 
Whcn  the  tungsten  has  worn  away  completcly  so  that  the  copper 
is  exposed  on  the  surface  of  the  contact,  the  entire  contact  arm 
or  screw  should  be  replaced. 

On  the  1916  type  of  breaker  assembly  with  the  steel  timing 
cani,  it  has  been  found  that  there  is  a  certain  amount  of  burning 
of  the  contacts  if  the  gap  between  them  is  too  small,  hence  par- 
ticular čare  should  be  used  in  setting  these  contacts  at  the  proper 
dištance  before  making  any  electrical  tests.  The  instructions 
given  in  the  various  Delco  instruction  books  on  these  cars  go  into 
detail  and  mention  the  gap  recommended  for  any  particular  car. 
Rcference  should  be  made  to  these  books,  and  if  the  information 
desired  is  not  available,  it  will  be  supplied  either  by  the  motor 
car  companies  or  the  service  department  of  the  Delco  company. 

Cases  where  the  gap  appears  to  be  different  for  the  different 
lobes  of  the  cam  niay  be  noted  from  time  to  time.  This  is  due 
either  to  the  distributor  shaft  being  eccentric,  which  in  turn  is 
caused  by  loose  or  worn  bearings,  or  due  to  one  or  more  lobes  on 
the  cam  being  higher  than  the  others.  A  thorough  mechanical 
inspection  usually  will  disclose  where  the  fault  lies.  If  the  trouble 
lies  in  the  bearings,  they  can  be  tightencd,  if  of  the  type  used  in 
1915  or  earlier  and  also  in  the  čase  of  some  of  the  1916  and  later 
machines  equipped  with  balí  bearings.  In  the  čase  of  the  1916 
apparatus  supplied  with  the  bronze  graphite  bearings,  a  new 
bearing  will  háve  to  be  installed.     If  the  timing  cam  has  high 
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lobesy  these  can  be  smoothcd  off  slightly  bo  as  to  make  them  even 
with  thc  others.  However,  if  the  cam  is  too  badly  worn  to  |>erinit 
of  this,  iť  will  be  necessary  to  order  and  install  a  new  cam. 

Another  cause  of  trouble  with  thc  iguition  systém  is  low  volt- 
age.  If  the  generátor  fails  to  eharge  for  any  reason,  the  voltage 
of  the  battery  should  be  suffieient  to  také  čare  of  the  ignition, 
but  if  in  addition  to  the  failure  on  the  part  of  the  generátor  to 
chargé  the  battery  properly,  the  battery  itself  is  in  šuch  bad  shape 
that  its  plates  are  sulphated  or  one  or  more  of  its  cells  are  in- 
ternally  short-circuited  so  the  terminál  voltage  of  the  battery 
when  supplying  current  for  the  ignition  is  materially  less  than 
5.2  volts,  an  ignition  miss  may  occur.     Also,  if  the  ignition  cir- 
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Fiff.  190 — Diagram  shou^ing  the  rffrrt  of  a  ground  on  the  drp-crll 
Circuit  in  the  Dclco  ignition  syntcms 

ťuit  has  one  or  more  loose  connections,  the  voltage  across  thc 
ignition  circuit  may  be  insufficient  to  supply  the  amount  of  cur- 
rent necessary  for  satisfaetory  ignition.  A  test  of  the  battery 
by  a  voltmeter  while  the  car  is  running,  with  the  lights  tumed 
ofT  and  the  ignition  on,  will  make  it  possible  to  determine  ac- 
turately  the  battery  voltage  under  šuch  conditions,  and  a  čare* 
ful  inapection  of  the  various  connections  in  the  ignition  circait 
will  locate  any  loose  or  dirty  ones. 
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On  the  1914  systems  particularly,  but  on  any  of  the  systems 
with  the  grounded  storage  battery  and  either  the  dual  t3rpe  of 
breaker,  Fig.  190,  or  the  single  breaker  with  the  dry  celí  circuit 
connected  directly  to  one  side  of  the  coil,  Fig.  191,  a  ground  in 
the  dry  celí  circuit  may  act  as  a  second  ground  in  the  "mag." 
ignition  circuit  and  so  cause  the  current  to  ílow  through  the  pri- 
máry of  the  coil  while  the  timer  contacts  are  open.  This,  of 
course,  will  render  the  ignition  inoperative  on  the  ''mag."  side 
but  may  háve  absolutely  no  efTect  on  the  dry  celí  Ignition.  A  test 
for  šuch  trouble  is  simply  to  disconnect  the  dry  celí  circuit  com- 
pletely  and  note  the  effect  on  the  "mag."  ignition.     If  it  re- 
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Fig,  191< — Anothcr  diagram  šhoteing  the  effect  of  a  ground  on.  the 
dry-cell  circuit  in  Dclco  ignition  systemš 

moves  the  trouble,  the  ground  whiéh  is  causing  it  should  be  lo- 
cated  and  removed. 

The  coil  itself  may  háve  an  open-circuited  primáry.  If  the 
break  ia  clean,  it  of  course  will  be  impossible  to  get  any  current 
through  the  primáry  of  the  coil,  but  it  sometimes  happens  that 
the  endfl  of  the  break  are  touching  each  other  so  that  very  nearly 
a  nonnal  amount  of  current  will  pass  through  the  coil  while  the 
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car  in  standing  still  but  the  enda  will  be  Bf'pftrated  cnough  when 
the  ongine  íb  ruDiiiog,  due  to  vibratioD,  to  prevent  the  requíBite 
amount  of  current  from  passiDg  through  tbc  coil.  Thia,  of  eourať, 
will  cause  very  unsatiafactory  ignition.  The  most  satiafactory 
test  for  this  partieular  trouble  is  to  substitute  another  coil  of  the 
sainc  type  and  note  the  cffcct  on  the  ignition. 

High-Tauion  Ignition  TnrabW 

Leaks  in  the  high-tenaion  wiring  permit  current  to  jnmp  from 
the  high-teDBÍoD  wirc  to  gro<">d  and  will  cauae  an  ignition  mias 
and  may  occur  only  at  šuch  timeB  aa  acccteratin);  while  hillclimb- 
ing,  or  they  may  occur  rej^larly  and  indicate  that  one  or  more 
eylinders  are  miBaing.  Tbe  beat  way  to  locate  auch  leaki  is  to 
run  a  aeparate  wire  from  the  diitributor  head  to  the  apnrk  plug, 
outaide  of  any  conduit  that  may  be  on  the  car,  and  in  thia  way 
replaee  in  tura  earh  of  the  bigh-tcnaion  wirea  antil  the  defective 
one  is  found.  When  found,  it  ehould  be  property  replaeed  with  a 
ncw  high-tenBÍon  lead  inatallcd  in  the  conduit,  ií  tbere  bc  one. 
Frictlon  tape,  or  what  is  knnwn  aa  bieycle  tape,  shoutd  not  be 


Fig.  19! — Ctranlmg  ffrnftfoii  Anirf 
iised  in  the  inaulatinn  of  n  high*teDsion  wirr,  ns  ít  ia  h  very  poor 
inaulator  for  thia  pur|i09c. 
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from  one  terminál  to  another  and  eauses  pre-ij^nition.  The  most 
satisfactory  test  for  šuch  trouble  is  to  replaee  the  head  with 
another  head  of  similar  model  and  note  the  effect  úpon  the  igni- 
tion.  It  is  recommended  that  the  track  of  the  distributor  head 
be  kept  clean  with  a  rag  slightly  moistened  with  vaseline,  to 
Keep  it  polished  and  prevent  the  rotor  button  from  stieking  and 
thus  eutting  the  track.    See  Fig.  192. 

Ií  the  track  appears  to  be  cut  up,  the  rotor  should  be  inspected 
ti%  make  súre  that  the  button  is  assembled  with  its  spring  properly 
juid  that  the  pressure  of  the  rotor  button  is  not  too  great  on  the 
distributor  head.  If  the  pressure  is  unduly  great,  due  possibly  to 
the  incorrect  installation  of  the  rotor  button  spring,  it  may  cause 
abnormal  wear  on  the  track.  This  is  particularly  true  if  the 
button  gets  cocked  sideways.  It  then  will  tend  to  wear  the  track 
very  badly.  The  rotor  also  may  give  trouble  from  imperfect 
insulation  between  the  rotor  contaet  and  the  ground,  the  metal 
distributor  shaft  on  which  it  will  be  mounted  when  assembled  as 
a  part  of  the  distributor.  To  teat  this,  plače  it  on  the  side  of  the 
distributor  shaft  and  see  if  a  spark  from  the  ordinary  ignition 
coil  will  jump  to  ground  when  held  close  to  the  rotor  button  eon- 
tact.  If  the  rotor  insulation  is  sufficiently  good,  either  no  spark 
at  all  or  only  a  very  thin  pale  blue  spark  will  be  noted,  but  if 
the  insulation  is  bad,  a  hot  spark  will  jump  to  the  rotor  con- 
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Fig,  193 — Relatire  porítirms  of  rotor  and  dis- 
tributor head  contacts 

tact  and  thence  to  the  ground.     If  the  rotor  insulation  appears 
to  be  bad,  the  entire  rotor  should  be  replaced  by  a  new  one. 

The  relative  position  of  rotor  contact  to  distributor  head  con- 
tact  at  the  moment  when  the  spark  occurs  may  be  suf&ciently  in> 
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eorrect  to  permit  pre-ignition.  The  spark,  of  course,  occurs,  in 
conneetion  with  the  varíous  ''mag."  or  generátor  ignition  syn- 
tems  manufaetured  by  the  Delco,  when  the  timer  contaets  are 
just  beginning  to  break.  Therefore,  the  relative  position  of  the 
two  contacts  should  be  eonsidered  for  a  given  angle  of  advance 
of  the  spark  lever,  with  the  timer  contacts  just  beginning  to 
break.  With  No.  1  cylinder  on  dead  center  and  with  the  timer 
contacts  just  beginning  to  break,  when  the  spark  lever  is  at  a 
position  corresponding  to  full  retard,  the  rotor  contact  should  be 
a  third  on  the  distributor  head  contact  in  the  direction  in  which 
the  rotor  is  revolving.  This  Í8  illustrated  in  Fig.  193,  and  is 
approximately  eorrect  for  the  various  systems  manufaetured  to 
dáte.  If,  with  the  position  of  the  timer  contacts  and  the  cylinder 
on  dead  center  as  before,  the  rotor  contact  is  about  mid-way  be- 
tween  the  distributor  head  terminals  1  and  3,  the  spark  may  jump 
to  either  cylinder.  If  it  jumps  to  either  terminál,  and  if  it  jumps 
to  terminál  No.  3,  it  will  cause  pre-ignition  in  the  cylinder  which 
has  just  completed  its  intake  stroke.  Trouble  of  this  sort  can 
be  found  only  by  a  careful  inspection  of  these  points,  and  if  they 
are  found  to  be  out,  the  most  satisfactory  way  to  overcome  the 
trouble  is  to  turn  the  distributor  head  around  and  set  it  in  its 
proper  plače.  This  is  accomplished  most  easily  by  the  use  of 
adjustable  head  cHps,  which  can  be  obtained  from  Delco  and 
put  on  the  distributor  in  plače  of  the  clips  regularly  sent  out  with 
these  distributors.  An  adjustment  of  approximately  %  inch  is 
obtainable  with  these  clips,  and  they  will  také  čare  of  any  čase 
of  trouble  of  this  sort  that  may  arise. 

An  open-circuited  or  partially  short-circuited  secondary  in  the 
ignition  coil  may  cause  a  very  weak  spark.  If  trouble  of  this 
sort  is  found,  as  a  rule  it  will  be  necessary  to  replace  the  ignition 
coil.  By  noting  the  strength  of  the  spark,  if  it  is  not  sufficiently 
great  and  all  the  preceding  tests  indicate  that  the  trouble  lies  in 
the  secondary  of  the  coil  itself,  it  will  be  well  to  test  the  trouble 
by  tryíng  a  new  coil  of  a  similar  type  and  noting  the  efFect  on 
the  ignition.  If  the  trouble  is  eliminated,  the  coil  should  be  re- 
placed  permanently. 

Aolonuitic  Spark  Advance  Mechanum 

All  automatie  advance  mechanisms  put  out  by  Delco  duríng 
the  various  years  from  1913  to  the  present  time  are  driven  by  the 
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distríbutor  shaft.  The  amount  of  advance  produced  by  the  auto- 
matic  governor,  therefore,  will  be  controlled  by  the  speed  of  the 
distríbutor  shaft,  and  as  this  is  geared  or  driven  positively  f rom 
the  erankshaft,  it  will  de|>end  úpon  the  engine  speed.  Consider 
an  automatic  governor  with  an  advance  which  starts  to  operate 
at  10  miles  per  hour  and  gives,  say,  15  degrces  advance  at  25 
miles  per  hour.  In  connection  with  the  samé  distríbutor,  a  manuál 
advance  will  be  assumed,  which  has  a  total  range  of  30  degrees. 
Now,  if  at  25  miles  per  hour,  the  manuál  advance  be  set  at  20 
degrees,  the  total  advance  for  the  timing  cam  will  be  the  sum  of 
15  and  20,  or  35,  degrees.  If  the  manuál  advance  were  set  at  10 
degrees,  the  total  advance  would  be  15  plus  10,  or  25,  degrees. 
In  other  words,  at  a  given  speed  the  automatic  advance  will  be 
invaríable  and  to  it  mušt  ba  added  the  hand  advance  to  get  the 
total  advance  of  the  timing  cam.  It,  therefore,  follows  that  it 
will  be  necessary  to  adjust  the  manuál  advance  lever  to  some 
extent,  say  for  starting  and  for  vory  high  speeds,  while  for  a 
range  of  f  rom  10  to  40  miles  on  these  particular  machines,  after 
the  lever  has  been  set  to  suít  the  requirements  of  the  motor  at 
any  speed  in  this  range,  the  automatic  advance  will  make  any 
necessary  change  to  suít  the  driving  conditions  over  the  entire 
range  mentioned  above.  The  íigures  given  are  illustrative  only 
of  the  generál  principlc  of  the  spark  advance  as  produced  by 
Delco  and  are  not  meant  to  apply  in  detail  to  any  particular 
motor. 

Another  matter  frequently  disregarded  is  in  seeing  that  the 
linkage  that  connects  the  spark  leyer  to  the  lever  operating  the 
manuál  advance  on  the  distríbutor  is  adjusted  properly.  These 
are  adjusted  correctly  at  the  various  motor  car  factories,  but 
they  may  require  adjustment  after  the  car  has  been  in  service  for 
some  length  of  tíme,  especially  if  it  has  been  torn  down  and  re- 
assembled.  It  will  be  well  to  obtain  instructions  from  the  motor 
car  manufacturers  in  regard  to  the  details  of  the  adjustment, 
and,  in  particular,  be  súre  that  the  motion  of  the  spark  lever 
over  the  quadrant  is  foHowed  by  a  smooth  and  even  movement 
of  the  lever  on  the  distríbutor.  There  should  be  no  dead  points, 
as  this  will  result  in  too  great  a  sensitiveness  during  the  tíme 
the  distríbutor  lever  actually  is  operated  by  the  linkage.  Con- 
siderable  judgment  is  required  in  eflFecting  the  adjustment  of 
these  parts. 
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Locating  Ignition  Trouble 

In  locating  ignition  troubles  the  faet  that  certain  other  troubles 
may  be  mistaken  for  ignition  troubles  should  not  be  lost  sight  of . 
Tliese  include  particularly  incorrect  adjustment  of  the  carburo- 
tors,  defects  in  spark  plugs  and  incorrect  adjustment  of  the  spark 
plug  gaps,  excessive  oil  leakage,  improper  val  vo  setting,  sticking 
valves,  leaks  in  the  intake  manifold  and  the  stoppage  of  gasoline 
supply.  As  these  pointa  are  considercd  more  properly  nnder  the 
head  of  engine  troubles,  they  will  not  be  diseussed  in  this  artiele, 
but  close  attention  should  be  paid  to  sueh  pointa  when  looking 
over  the  car  for  ignition  troubles. 

The  exact  manner  of  timing  each  particular  car  ia  a  matt?r  that 
ahould  be  referred  to  tho  motor  car  cumpany  itHolf. 

Delco  Ignition  Relay 

The  ignition  relay  is  eonnoctcd  into  the  dry  battery  cirouit 
'when  uaed  and  serves  to  interrupt  the  primáry  ignition  cirouit 
and  so  produce  a  high-tcnaion  ílow  in  the  aecondary  and  eatablish 
a  spark  at  the  plugs. 

This  relay  consists  of  a  set  of  contacts  operated  by  an  electro- 
magnet  wiťh  two  windings,  one  of  coniparatively  coarse  wire,  so 
connected  that  the  current  ceases  to  flow  through  it  when  the 
contacta  are  open,  and  the  other  of  comparatively  fine  wire,  con- 
nected to  the  contacta  in  šuch  a  way  as  to  hold  the  armatúre  of 
the  relay  open  after  the  circuit  in  the  coarse  wire  winding  is 
opened  at  the  contacta.  Thia  coil  is  known  aa  the  holding  coil. 
A  condenser  also  is  connected  around  the  contacts  to  suppress  the 
are,  and  thus  to  increase  the  speed  with  which  the  are  between 
these  contacts  is  broken.  The  operation  of  the  relay  varies  with 
the  connection  to  the  extcrnal  circuit  slightly. 

The  contacts  of  the  relay  and  the  serieš  coil  are  in  serieš  with 
a  special  set  of  timer  contacts  on  the  dual  diatributor.  When 
these  contacts  are  cloaed  by  the  revolving  cam,  current  paases 
through  the  ignition  coil  and  timer  contacta  and  contacts  of 
relay  and  through  the  aeriea  coil  energizing  the  latter.  This  im- 
modiately  causes  the  armatúre  to  open,  thus  interrupting  the 
primáry  circuit  and  eausing  a  spark  at  the  spark  plug.  As  soon 
as  the  circuit  is  interrupted,  the  serieš  coil  is  d?-energized  and 
the  contacts  opened  again.     This  is  repeated  indefinitely,  giving 
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a  vibrating  spark  all  thc  time  the  timer  contacts  are  to^ether. 

Thi8  occurs  only,  however,  when  the  circuit  between  the  tér- 
mi nals  on  the  combination  ignition  and  lighting  switch  is  open. 
This  Í8  accomplishcd  by  pressing  the  starting  button. 

If  it  is  desired  to  get  just  a  single  spark,  the  holding  coil  is 
energized,  and  when  the  armatúre  touches  the  core  it  will  be  held 
there,  so  that  a  single  spark  simiiar  to  that  furnished  by  gen- 
erátor or  storage  battery  ignition  will  be  obtained.  The  holding 
coil  is  energized  by  releasing  the  starting  button. 

In  the  Delco  Junior  systém  f  or  1914  the  ignition  switch  com- 
pletes  the  primáry  circuit,  and  in  this  manner  of  using  the  relay 
the  holding  coil  circuit  is  completed  through  the  timer  contacts. 
Therefore,  a  vibrating  spark  will  be  obtained  all  the  time  the 
timer  contacts  are  open,  and  the  timing  of  this  vibrating  spark 
is  obtain?d  by  the  action  of  the  contacts  úpon  the  holding  coil 
itself.  For  this  reason  this  particular  method  of  using  the  relay 
causes  a  very  late  ignition,  múch  later,  in  fact,  than  the  method 
discussed  in  the  preceding  paragraphs. 

Electromagnetic  Cutout 

The  principál  functions  of  the  cutout  relay,  or  electromagnetic 
cutout,  as  it  is  now  known,  are: 

1 — To  complete  the  circuit  between  thc  generátor  and  storajje 
battery  when  the  generátor  is  running  at  a  high  enough  speed  to 
enable  it  to  chargé  the  storage  battery. 

2 — To  open  the  circuit  when  the  speed  of  the  generátor  is  too 
low  to  enable  it  to  chargé  the  battery. 

3 — In  the  čase  of  the  Delco  Junior  svstem  for  1914  onlv,  to 
také  the  plače  of  a  starting  switch.  In  this  systém  it  is  closed 
mechanically  by  the  brush  shifting  rod,  so  that  the  armatúre 
revolves  slowly,  the  motor  generátor  acting  as  a  shunt  motor, 
t  hus  mak  in  g  i  t  possible  to  mesh  the  starting  gears. 

The  cutout  relay  consists  of  a  set  of  contacts  held  open  by 
spring  tension  and  closed  by  an  electromagnet  which  overconies 
the  tension  of  the  spring.  They  should  be  open  when  the  engine 
is  at  rest.  The  electromagnet  has  a  compound  winding  consist- 
ing  of  a  voltage  coil  of  many  turns  of  fine  wire,  which  is  con- 
nected  across  the  generátor  terminals,  and  a  current  coil  of  a 
few  turns  of  coarse  wire,  which  is  connected  in  serieš  between 
the  circuit  of  the  generátor  and  battery  and  is  energized  only 
when  the  cutout  relay  contacts  are  closed. 
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When  tlie  engine  is  started  the  generátor  voltage  builds  np, 
and  when  it  reaches  a  value  of  between  6V^  and  7%  volts,  the 
current  passes  through  the  voltage  winding  and  prodnces  enough 
magnetism  to  overcome  the  tension  of  the  spring  attracting  the 
armatúre  to  the  core,  which  closes  the  contacts.  These  contacts 
elose  the  circuit  between  the  generátor  and  storage  batterj.  The 
current  now  flows  through  the  current  coil,  producing  magnetism 
in  the  core  in  the  samé  direction  as  that  produced  by  the  voltage 
eoil,  thu8  strengthening  the  pull  on  the  armatúre  and  holding  the 
contacts  dosed. 

When  the  generátor  slows  down  and  its  voltage  drops  below 
that  of  the  storage  battery,  current  flows  from  the  battery  to 
the  generátor  in  the  reverse  direction  through  the  current  coil. 
The  direction  of  the  flow  of  current  through  the  voltage  coil,  of 
course,  remains  unchanged.  The  magnetism  produced  by  the  cur- 
rent coil  now  opposes  that  produced  by  the  voltage  coil,  so  the 
resultant  magnetism  is  not  sufficient  to  hold  the  armatúre  closed 
against  the  tension  of  the  spring.  This  causes  the  contacts  to 
open,  preventing  any  continued  discharge  of  current  from  battery 
to  generátor.  The  relay  should  cut  out  when  the  discharge  cur- 
rent reaches  a  value  of  between  O  to  1  ampere. 

To  adjust  a  relay  to  cut  out  at  the  proper  discharge  current 
value,  two  things.  mušt  be  kept  in  mind,  the  tension  on  the  spring 
and  the  air  gap  between  the  armatúre  and  core. 

The  air  gap  has  little  or  no  effect  úpon  the  x>o^i^t  of  cutout, 
whereas  the  spring  tension  governs  this  almost  entirely.  On  the 
other  hand,  the  point  of  cutting  in  is  governed  by  both  air  gap 
and  spring  tension.  To  illustrate  the  foregoing,  four  cases  will 
be  assumed: 

1 — Whcre  the  relay  cuts  in  at  8  volts  and  cuts  out  when  the 
discharge  current  is  2  amperes.  To  adjust  the  relay,  decrease  the 
air  gap,  as  this  will  cause  the  cut-in  point  to  occur  at  a  voltage 
lower  than  8  volts,  also  increasing  the  discharge  current  at  the 
moment  the  relay  cuts  out.  It  will  be  necessary  to  increase  the 
spring  tension  slightly  to  cause  the  relay  to  cut  out  before  the 
discharge  current  exceeds  one  ampere. 

2 — ^Where  the  relay  cuts  in  at  8  volts  and  cuts  out  with.  a  charg- 
ing  current  of  1  ampere,  decrease  the  spring  tension,  as  this  will 
cause  the  relay  to  cut  in  at  a  lower  voltage  and  also  to  cut  out 
after  the  current  starts  to  discharge  through  the  relay. 
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3 — Where  the  relaj  cuts  in  at  6  volts  and  cuts  out  at  a  dis- 
charge  current  of  2  amperes,  increase  the  spring  tension,  which 
will  cause  tlie  relay  to  cut  in  at  a  higher  voltage,  and  aUo  to  cut 
in  at  a  discharge  current  value  of  less  than  2  amperes. 

4 — ^Where  the  relay  cuts  in  at  6  volts  and  cuts  out  with  a 
charging  current  of  1  ampere  passing  through  it,  increase  the  air 
gap  slightly  and  also  increase  the  spring  tension  so  as  to  cause 
the  relay  to  cut  in  at  a  higher  voltage  and  also  cut  out  at  a  dis- 
charge current  value  of  between  O  and  1  ampere. 

The  relay  adjustment  first  should  be  chccked  for  point  of  cut- 
out  and  cut-in.  Then  bearing  in  mind  whether  or  not  it  is  de- 
sired  to  correct  the  point  of  cut-out  at  the  samé  time,  the  air  gap 
or  spring  tension  should  be  changed  until  the  relay  cuts  in  prop- 
erly.  As  a  last  precaution  the  contacts  should  be  inspected  to 
make  súre  that  they  touch  at  the  samé  time  and  all  the  way 
across. 

The  cutout  relay  is  supposed  to  close  when  the  voltage  across 
the  terminals  of  the  voltagíí  coil  is  between  6^/^  and  7%  volts. 
To  check  this  voltage,  it  is  desirable  when  adjusting  the  relay  to 
plače  a  voltmeter  across  the  terminals  and  make  súre  that  the 
contacts  close  at  a  voltage  somewhere  between  these  values. 
The  contacts  of  the  cutout  relay  are  supposed  to  open  when  the 
discharge  current  has  reached  a  value  between  O  and  1  ampere, 
preferably  as  near  O  *a8  possible,  to  reduce  arcing.  This  can  be 
checked  by  placing  an  ammeter  in  the  circuit  in  serieš  with  the 
current  coil  of  the  cutout  relay  and  seeing  what  the  value  of  the 
current  is  when  the  cutout  relay  opens.  When  properly  ad- 
justed,  the  air  gap  should  be  approximately  ^  inch  when  the 
contacts  are  closed  by  lightly  pressing  the  armatúre  with  the 
finger. 

When  the  relay  contacts  are  burned  or  pitted,  it  is  necessary 
to  smooth  them.  This  should  be  done  with  a  strip  of  íine  emery 
cloth,  by  placing  the  strip  between  the  'contacts,  holding  them 
lightly  closed  by  hand,  then  drawing  the  strip  of  emery  back 
and  f orth. 

If  the  contacts  are  too  badly  burned,  to  euable  them  to  be 
suceessfully  fitted  in  this  way  it  will  be  necessary  to  replace 
them. 

After  the  relay  has  bcen  reassembled  with  the  new  contacts,  it 
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Bhould  be  adjuBted  fn  aeeorduíce  with   the  inatruetioiu  giyen 

previouBly. 

When  the  contacts  are  adjustrd  correelly,  bolb  paira  will  mske 

(ľontact  at  the  Bame  instant  and  clear  acroas  the  line  of  coDtaet, 
8o  that  when  the  relay  íb  hold  up  to  the  li);ht,  it  is  imposaiblc  to 
Bee  light  pasatng  through  anj  portion  of  the  line  oí  eoutact. 
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It  íb  also  desirable  when  adjusting  relays  to  make  súre  that  all 
the  bushings  are  in  good  condition  and  that  the  connections  and 
coil  terminals  are  free  from  grounds  or  breaks,  as  these  would 
cause  8ome  uncertainty  in  the  operation  of  the  relaj. 

Wiring  of  Hudson  Super-Sis 

Three  difFerent  wiring  diagrama  of  the  Hudson  Super-Six  are 
shown  in  Figa.  194,  195  and  196.  The  systém  is  a  single-wire, 
6'Volt,  8ingle-unit  systém,  with  the  negative  side  grounded. 

Under  normál  conditions  both  the  brnahes  on  the  motor  com- 
mutator  are  raiscd,  and  when  the  starting  pedál  is  depressed  both 
these  brushes  are  placed  in  contact  with  the  commutator  and 
the  following  circuit  is  established:  From  the  positive  terminál 
of  the  battery  through  the  serieš  windings  of  the  motor  to  the 
upper  motor  brush,  through  the  motor  armatúre  to  the  lower 
motor  brush,  which  is  grounded.  The  circuit  is  completed  through 
the  frame  of  the  car  to  the  negative  terminál  of  the  battery. 
Operating  the  starting  pedál,  in  addition  to  moving  the  motor 
brushes,  causes  the  motor  clutch  to  engage  with  the  teeth  on  the 
flywheel  and  with  the  teeth' on  the  armatúre  pinion. 

When  the  ignition  switch  is  elosed  the  generátor  brushes  are 
connected  to  the  battery  and  the  generátor  will  nm  as  a  motor, 
which  will  assist  in  meshing  the  motor  gears.  As  soon  as  the 
starting  pedál  is  depressed  the  generátor  circuit  is  opened  at  the 
contacts  controlled  by  the  npper  motor  brush  and  the  generátor 
ceases  to  háve  a  voltage  generated  in  its  armatúre  winding  until 
these  contacts  are  closed  by  allowing  the  starting  pedál  to  return 
to  its  normál  position.  The  means  of  operation  of  the  motor 
brushes  is  shown  in  ^g.  197,  and  a  side  view  of  the  complete 
electrical  unit  is  shown  in  Fig.  198. 

The  lighting  circuits  are  protected  by  a  circuit  breaker,  and 
the  headlights  are  dimmed  by  inserting  a  resistance  in  serieš 
with  them. 

Wiring  of  Boick  ModeU 

Two  wiring  diagrama  o  f  the  Delco  electrical  systems  found 
on  Buick  models  D-44,  45,  46  and  47  are  shown  in  Figs.  199  and 
200.  The  electrical  unit  is  mounted  on  the  right  side  of  the 
engine  and  in  front  of  the  flywheel.  It  includes  the  starting 
motor  and  the  electrical  generátor  and  carries  on  its  f  orward  end 


■288  AUTOMOBILE  ELECTRICAL  SYSTEMS 

the  electrical  distributor,  which  is  for  the  proper  tíming  and  dis- 
tributiou  of  the  ígnition  current.  A  BÍde  view  of  the  electTÍcal 
unit  Í3  giTen  in  Figs.  201  and  202. 

When  tbe  ignition  switch   íh  closed  the  generatoT  icts  as  a 
motor  and  eontínues  to  do  bo  until  the  upper  bruah  is  raiaed  by 


& 


Tlg.    137— rnd   liruf   o/   Delco   elcctrtcol   vnít   utei   on   HaitaH 

Smptr-Slx,  ihoiclní  paafKoii  o/  Mofor  bnufie*  and  ne(ho<  o/  rcU- 

litg  oNit  laicering  Ihŕm 

the   npťration   <>f   thi'   otnrtiii)!:   |>ciIh1,   nhirh   rloarn   the   nlHrtin^; 
motor  riroiiit  liy  loívorinR  the  u|iper  niotiir  hriixh. 

Aftrr  Ihť  rrnnkiue  oppralioii  is  complcted  thr  •itartin);  pcdal 
ifl  rrturnecl  )>_v  a  H|)rinf;,  Ihis  causinK  the  motor  hrUBh  to  raise 
from  the  motor  eomrnutator  and  tbc  generátor  hrueh  to  make 
ťontart.  The  armatúre  ia  driven  by  the  pump  ahaft  throufch  the 
aver-running  generátor  clutch,  and  the  generátor  cireuit  is  eom- 
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pleted  through  the  eombination  sniteh  to  the  storage  bnttcrj. 
At  vcry  low  speeds  the  volt^e  generated  docs  oot  equal  that  ot 
ttie  etorago  battery,  aud  a  small  araount  of  current  is  disebarged 

IhroURh  this  Circuit,  The  amouut  of  thJB  can  be  observed  by 
watching  the  ammeter  whcn  tlie  iights  are  off.  But  at  normál 
driving  BpepdB  ol  the  eogiiie  tlie  voltage  grncrated  eiceedB  that 
of  the  battery,  and  current  Í3  being  chargľd  into  the  Btorage  bat- 
tery or  UBed  for  lights  or  Ignition  or  both.  The  ammefer  is  bo 
conneeted  that  U  indieates  the  amount  of  current  going  to  or 
from   the  storagc  battery,  with   the   ejcceptioa   of   the   cranking 


Flg.    198 — SHe    lictc    of    Dctco 

current.  When  the  car  is  bping  operatod  with  the  lighti  on,  the 
ammeter  will  not  indieato  the  total  output  of  the  generátor  but 
nill  indicate  only  thf  amount  of  the  output  of  the  generátor 
which  Í8  actnally  charged  into  the  atorage  battery,  thia  being 
the  output  of  fho  generátor  Ichs  the  ignition  current  and  what 
Í9  being  used  for  lighta.  With  this  conneetion  the  ammeter  will 
indicate  the  amount  of  current  being  diacharged  from  the  storage 
battery  for  the  lights  when  the  engine  ia  not  ojierating. 

The  output  of  the  generátor  ia  coutrollcd  by  tbc  tbirďbrubh 
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form  of  regulstion.  The  clectrirat  cirŕuit  \a  ahowii  in  tbc  wirini; 
iliagram  in  Fig.  199.  Tlie  rt-gulatiou  of  llie  generátor  is  necesaarjr 
on  arcouiit  of  the  variablc  speeds  at  which  it  is  driven,  it  being 
iiecŕBsary  that  the  generátor  delivcr  current  for  ehari^ng  tbe 
btorage  battery  or  operating  lights,  horn  and  ignition  Bt  driving 


Hpeecl!!  ŕorreaponding  to  7  or  S  miles  an  hour  and  not  overeharj;- 
ing  nt  the  highent  poasible  engine  speeds. 

Wimg  of  OdtluKl  34 

Tno  wiring  diagrama  of  the  Delco  installation  on  the  Oakland 
34  are  shown  in  >'iga.  203  and  204.  This  ia  a  two-wÍre,  6-voll, 
Biugic-wire    tno-unit   Byatem,   the   starting   motor   and    ele«trieal 
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generátor  beiag  two  entircly  ďifferent  machines.  The  generátor 
output  ia  tegulated  by  a  third  briish  conncetcd  to  the  storuge  ' 
battery  through  a  combination  ignition  and  cutout  awitch  as 
showa  in  the  upper  right  cornpr  of  Fig.  :íU3.  The  starting  motor 
circuit  is  conipleted  by  depreasing  the  atarting  snitch,  nhich 
cauaes  the  atarting  motor  t'o  štart  to  revolve,  and  the  Bendix 
drive  ia  thrown  into  gcnr.  The  nmineter  indicatca  all  thi?  ciir- 
rent  dclivcrcd  by  the  battcry  e.tccpt  that  going  to  the  starting 
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motor  mni  kom  cirruíta.  Ttip  Hghtin^  «irraits  are  protectpd  by 
•  a  fircuit  hre«kM.  A  ítodI  view  of  the  ŕonibÍDŕd  lighting  and 
ifnútion  switch  U  fhown  in  Tig.  203. 

Wrägof  CallUc  SS 

Two  úiBireat  wiriDg  iliatErUDs  of  tfae  Dŕlro  inslalUtion  od  the 
Ca<lillac  55  sre  showo  in  Figs.  2t>6  and  2->T.  Thi*  is  a  sínglŕ-unit, 
6-voll,  single-wire  systém.  The  positive  side  of  the  svstem  ia 
I^TfaaáfA  to  the  fram?  of  the  rar,  and  io  this  respect  it  diftera 
from  th<'  majurilv  of  Deko  syslems. 

Th«  el^ctrical  unit  Í9  a  bi-poiar  maehine  with  a  sintEle  armatúre 
core  npon  whirh  arr  two  9e)>arate  anJ  distinit  wíd<1íd|;!s  and  rom- 


Fig.   20S— Ohf  /orm   D/   Dflro   ronbiiialioii   ignUiou  and   liehling 

lUtators.  One  winding  is  uscá  for  »tarlin(;  motor  action  and  the 
ther  when  the  unit  ia  operating  as  a  generátor.  The  fieid  wind- 
tg  is  compo»ed  of  a  acnes  and  shuot  roíL     The  shunt  eoil  is  for 


tho  elei-triral  unit.  when  acting  aa  a  genera- 
'i>r,  is  ilriven  al  engine  s|>eed.  The  uutput  of  the  generátor  ia 
rŕgulated  hy  the  third-brush  method.  Tho  rompletť  electríral 
unit  is  shown  in  Fír.  2oft. 

When  actiUR  a.i  a  motor  the  sóle  funrtion  of  the  electrical  anit 
is  Io  cranh  the  enicine.  tn  starting  the  Grst  tbing  the  operátor 
doea  is  to  pusb  donn  the  ignítion  lever  on  tb«  eombinatioii  twiteh. 
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ThÍB  eloBes  the  ignítion  circuít  and  tho  tireuit  between  the  Btor- 
age  battery  and  the  generátor  windings  on  the  motor  generátor, 
causiiig  the  armatúre  to  rcvolvc  alowly.  A  ratchet  clutch  in  the 
front  end  of  the  generátor  allows  the  armatúre  to  rotatc  ahead 
of  the  driving  shaft.  The  clicking  noise  hcard  when  the  iguitiou 
Bwitch  is  turned  on  comes  from  thia  clutch. 

Neit  the  operátor  pushea  down  the  atarter  button.  The  first 
movement  causcB  the  štartér  gears  to  niesh  with  the  teeth  on  the 
fl/nheeL     Tho  probability  of  the  cnda  of  the  teeth  striking  and 


FÍB-  20& — Slde  ileic  af  Dclco  clcctrical  unit  utcd  un  the  CaHltae 

failing  to  mesh  ie  overeome  by  the  slow  rotation  of  the  armatúre, 
which  began  as  aoon  as  the  ignition  woa  turned  on.  Aa  the  atarter 
button  Í8  pushed  farther  down  the  circuit  between  the  atorage 
battery  and  the  generátor  windings  of  the  electrical  unit  ia 
broken.  Upod  the  last  movement  of  the  atarter  button  the  nircuil 
ia  closed   between   the  stornge   battery  and  the  motor  windings 
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oa  tbo  electrical  uuit,  e&usiDg  it  to  oet  as  a  poncrful  rlectrie 
motoT,  which  rapidly  cranks  the  vnftiQe.  Ae  the  gear  ratio 
bťtwFcD  the  armatúre  shaft  and  the  craiikshaft  is  approiimately 
25  to  1  the  armatúre  would  be  drivcii  at  an  eicessívelf  high  rate 
of  apeed  aftcr  starting  the  engino  and  before  the  operátor  let  the 
štartér  button  baek,  if  it  were  not  for  en  over-running  etuteh 
in  the  hub  of  the  idier  geara  between  the  flywheel  and  the  arma- 
túre Bhaft.  The  electric  motor  cranks  the  engino  through  this 
clulch,  but  after  the  engine  haa  started  and  begins  to  run  faster 
tban  the  electric  motor  the  ctutch  elíps. 

When  the  štartér  button  is  let  up,  as  soon  as  the  engine  is  run- 

ning  uniler  its  own  power,  the  flrst  movement  of  the  button  breakg 

the  cirt-uit  between  the  electric  motor  and  th:  storage  battery,  a 

further  movement  eauses  the  starler  gears  to  slidc  out  of  mesh, 

and  the  tinal  movement  eompletea  the  cireuit   between  the  gen- 

iľrator  and  the  storage  battery,  which  was  broken  when  the  štartér 

button  was  pushed  dowD.     The  engine  running  and  the  cireuit 

being  eloBed  between  the  storage 

baltery   and   the   generátor  wind- 

ings  of  tbc  motor  generátor,  tbe 

generation  of  current  begins. 

The  eurrent  for  ignition  is  con- 
trolled  by  the  right  lever  on  the 
i  eombinalion  switch  on  tbe  ii-atru- 
'  meiit  bonrd.  This  lever  also  con- 
trols  the  generátor  cireuit,  as  pre- 
viously  eiplained.  A  front  view 
of  tbe  switch  is  shown  in  Fig.  209. 
Tbe  distributér  and  timer,  Pig. 
210,  are  carried  on  tbc  fan  shaft 
housing  and  are  dňven  by  the 
fan  shaft  through  apiral  geani. 
utf'l  un    rfic  ('•iifjllar  ^he    distributor    conaists    of    a 

cap  or  ľtatinnary  head  of  insulal- 
ing  materÍHl  and  a  rotor  of  lh«  tiame  malprial,  which  turns  with 
the  timcr  Bhafl.  The  distributor  hend  rarrics  one  eontact  in  the 
i-cntiT  and  eighl  additional  i-ontads  plared  at  cqual  dialances 
aliout  tbo  center.  Only  two  of  thcse  ronlarts  nre  shown  in  tbe 
ligure.  The  center  eontact  is  eonnerled  to  llie  high-tcnsion  termi- 
nál on  the  ignition  coil.     Tbe  cigbt   rcmaining  contacts  are  con- 


imbinri    to- 
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neeted  to  the  spark  plngs  in  the  eylimlers,  The  center  contart 
ÍB  provideil  wíth  a  spring  plunger,  whkli  is  in  constant  com- 
tnunicatioa  witli  a  plate  on  the  rotor.  This  plate  carries  at  its 
outer  enil  a  contact  button.  As  the  rotor  revolvea  the  contact 
button  slides  over  the  eight  outer  eoiitacts  in  the  distributor  head, 
eonaecutively  eompleting  the  high-tension  círeuit  to  eaeh  of  the 
Epark  plugs  from  the  ignition  coil. 

The  timer,  by  which  the  low-tension  current  is  interrupted  at 
the  proper  tíme  to  produre  the  spark,  is  beneath  the  rotor.     An 


Hff.   210— Sectional    rieto   of  distributor  and   timer    inpd   o»   thg 

eight-Iobed  cam  on  the  timer  shaft  operates  two  contoct  artoB. 
Aa  the  eam  revolves,  theae  arms  alternately  complete  and  break 
the  primarj  circuit.     The  cam  ia  heltl  in  plaee  by  a  apeeial  lock 

Two  seta  of  timer  contact  points  are  provided.  The  object  ia  to 
distribute  over  two  seta  the  current  which  otherwise  would  paaa 
through  one.    This  greatly  lesaens  wear  and  burning  of  the  points. 

The  apark  timing  is  automaticallj  controlled  by  a  centrifugal 
govemor,  which   advances  or   retarda  the  position  of  the   timer 
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cam  relative  to  the  driving  shaft  fts  the  engine  speed  inereases 
or  decrcascs.  A  spark  lever  at  the  steering  wheel  is  provided. 
liowever,  by  which  the  timing  may  be  advanced  or  retarded  stí  íl 
furthcr.  This  spark  lever  is  conneeted  to  the  manuál  control 
lever  at  the  left  of  the  distributor  housing. 

Čare  of  Starting  and  Lighting  UaiU 

The  Systems  never  should  be  operated  with  the  storage  battery 
disconnected,  as  serious  injury  may  result.  Examine  from  time 
to  time  all  the  wire  connections.  See  that  the  terminál  clips  are 
well  soldered,  as  they  may  become  partly  or  completely  diseon- 
nected.  Clean  oíf  all  oil,  dirt  and  moisture  from  the  terminals. 
Any  wire  exposed  due  to  cut  or  worn  insulation  should  be 
replaced  with  new  wire,  or  the  injured  portion  should  be  taped 
over  and  well  shellacked.  Never  use  aluminum  paint  near  the 
terminals,  as  it  may  cause  a  ground  or  short-circuit.  Inspect  all 
bolts  to  see  that  they  are  tight  and  that  the  electrical  unit  is  in 
proper  alignment. 

Inspect  the  commutators  occasionally  to  see  that  they  are 
clean  and  dry  and  that  the  brushes  are  fitting  the  surfaee.  A 
good  commutator  surfaee  has  a  smooth  glossy  surfaee,  usually 
of  a  purplish  color.  If  it  is  necessary  at  any  time  to  sand  down 
the  commutator  and  brushes,  be  súre  to  remove  all  the  grit  and 
dust,  taking  particular  čare  to  clean  thoroughly  between  the  com- 
mutator segments.  Then  polish  the  surfaee  with  a  plece  of  cheese- 
eloth  and  a  very  small  quantity  of  light  oil. 


CHAPTERXXI 

North  ELast  Electrícal  Systems 

ALL  the  various  North  East  equipments,  except  the  two-unit 
systém,  use  a  four-pole  compound-wound  motor-dynamo  with 
a  single  armatúre  and  one  commutator.  One  or  both  of  the  fields 
and  the  armatúre  are  used  in  both  starting  motor  and  generátor 
actions.  The  various  single-unit  types  which  háve  been  manu- 
factured  to  dáte  are  designated  as  models  A,  B,  D,  £,  F  and  O. 

Modd  A  Electrical  System 

The  model  A  electrical  unit  is  connected  to  the  engine  crank- 
shaft  by  a  silent  chain  and  a  set  of  intermediate  gears.  The 
gears  are  between  the  shaft  of  the  electrical  unit  and  the  chain 
sprocket  wheel  and  are  carried  in  a  gearbox  which  is  mounted  on 
the  samé  bed  plate  as  the  electrical  unit. 

The  internal  connections  of  the  electrical  unit  and  combined 
clectromagnetic  cutout  and  regulátor  are  shown  in  Fig.  211. 
The  battery  is  composed  of  eight  storage  cells  and  is  called  a 
16- volt  systém.  A  wire  is  connected  to  the  center  of  this  battery 
and  led  to  the  lamps  so  as  to  furnish  8  volts  for  the  lights  be- 
tween this  center  wire  and  each  outside  wire. 

The  starting  switch  is  of  the  type  commonly  known  as  the 
kick  type  and  is  mounted  on  the  toe  board  within  easy  reach 
of  the  driver.  The  switch  normally  is  held  in  the  open  position 
by  a  coiled  spring.  The  first  motion  of  the  starting  switch  con- 
nects  the  armatúre  of  the  electrical  unit  and  the  serieš  field  wind- 
ing  in  serieš  with  the  battery,  and  further  movement  of  the 
switch  short-circuits  the  serieš  field  winding. 

When  the  engine  starts  to  operate  under  its  own  power  a  vol- 
tage  will  be  generated  in  the  armatúre  wnnding  of  the  electrical 
unit,  and  when  this  voltage  is  high  enough  to  chargé  the  battery 
the  circuit  between  the  electrical  unit  and  the  battery  is  closed. 
The  eharging  current  is  prevented  from  exceeding  the  normál 
value  of  approximately  7  amperes  by  the  regulátor,  whose  wind- 
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Fig,   211 — Intemal  connections  o  f  yorth   Bas  t  model  A   »if9íem 

with  clectromagnetic  cvtout 


ing  Í8  connected  in  serieš  with  the  charging  eircuit.     When  tbe 
carrent  exceeds  the  valne  for  which  the  regulátor  is  adjnated  th* 
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armatúre  is  drawn  over  and  a  resistance  introduced  in  the  shunt- 
íieid  cireuit.  When  the  charging  current  decreases  to  its  propcr 
value  the  contacts  close  and  the  voltage  again  starts  to  build  up. 
Thi8  operation  is  repeated  at  a  rapid  rate^  and  the  charging  cur- 
rent Í8  maintained  practically  constant.  The  combined  cutout 
and  regulátor  is  located  in  a  compartment  at  the  drive  end  Of  the 
shaft,  which  is  covered  with  a  plate  held  in  place  by  four  bolts. 
In  the  combined  cutout  and  regulátor  originál ly  manufactured 
a  permanent  magnet  was  used  to  form  part  of  the  magnetic  cir- 
euit, but  thfs  type  later  was  replaced  by  an  improved  form  of 
combined  cutout  and  regulátor  in  which  the  cutout  and  regulátor 
háve  independent  magnetic  circuits.  The  improved  type  is  shown 
in  Fig.  211.  The  electrical  unit  should  not  be  operated  with  the 
battery  removed,  uniess  the  brushes  are  raised  from  the  eom- 
mutator  or  the  fuse  in  the  shunt-field  cireuit  is  removed. 

Modd  B  Electrical  Sytibem 

Two  types  of  the  model  B  systém  háve  been  made,  one  to 
be  used  with  a  16-volt  systém  and  the  other  with  a  24-voIt  sys- 
tém. In  the  čase  of  the  16-volt  systém  the  lamps  operate  at  8 
volts  as  in  the  previous  model,  while  in  the  24-volt  systém  the 
lamps  operate  at  7  volts.  The  shaft  of  the  electrical  unit  is  con- 
nected  to  the  crankshaft  of  the  engine  by  a  silent  chain  and  set 
of  gears  as  in  the  čase  of  the  model  A  systém. 

The  internal  connections  of  the  electrical  unit  and  the  com- 
bined electromagnetic  cutout  and  regulátor  are  shown  diagram- 
matically  in  Fig.  212.  The  starting  switch  is  located  on  top  of 
the  electrical  unit  and  is  operated  by  an  arm  leading  to  a  foot 
pedál  on  the  toe  board  in  front  of  the  driver.  The  starting 
switch  has  three  stationary  contacts,  which  are  short-circuited 
by  the  movable  arm  when  the  pedál  is  depressed.  Two  remain 
short-circuited  when  the  pedál  is  released.  In  starting  the  serieš 
field  and  armatúre  are  connected  in  serieš  with  the  battery  and 
the  shunt  field  is  connected  across  the  armatúre,  and  when  the 
pedál  is  released  the  serieš  field  is  opened. 

The  cutout  closes  the  cireuit  between  the  electrical  unit  and 
the  battery  when  the  voltage  generated  in  the  armatúre  winding 
is  ample  to  chargé  the  battery.  The  regulátor  in  this  model  is 
very  simiiar  to  the  one  used  with  model  A. 

The  regulátor  and  cutout  both  are  located  in  the  compartment 
under  the  eommutator  and  covered  by  a  pressed  steel  housing. 


306  AUTOMOBILE  ELECTRICAL  SYSTEMS 

'iSTARTl/«Q  SWITCH 


C0AIDC/I6ER.  > 

REVtRSE 

CURRtNT  CUT-OllT  -^ 


RESISTAMCE  \ 


RED'^ 


LIMITWG  REUY 


BATTERY 

-RtsisTAifCE  onn 

-d-BROW/l 

-    BLOE  SC 

YELLOW  ÔTRIPEĎ 

5-WHI7E 

C-GRE£if 

le-  b-BLACK 


BLUE£^ 
YEU.OW  STRIPED 

Fiff,  212 — Intcmal  oonnections  of  North  Sast  moéti  B  «y*<M» 


The  electrical  unit  should  not  be  operated  with  the  battery  dia- 
connected,  unless  the  brushes  are  raised  from  the  commutator  or 

the  fuse  is  removed  from  the  shunt-ficM  circuit. 
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Fťflr,  213 — Intemal  connections   o  f  North   East  model  D  8V9tem 


YtLLOW  6TR1PED  ♦ 


North  East  Modeb  D,  E  and  F 

These  three  models  are  practically  identical  in  their  construc- 
tion,  connections  and  operations.    In  some  cases  a  24-volt  systém 
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rto.   Zl*—Inlmal  rannccflon*   »/  Ttorlh    Eait  moírl   (I  *tf«leM. 
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is  emptojed,  wbíle  in  othen  a  12-volt  ivotem  is  used.    Th*  lij^ts 

■re  Dpersted  on  6  volta  in  tbc  cue  oí  the  £4-volt  iratcn  tmA  iB 
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12  volts  in  the  čase  of  the  12- volt  systém.  The  internal  connec- 
tions  of  the  model  D  systém,  with  binding  post  terminals  and  the 
ťombined  cutout  and  regulátor,  are  shown  in  Fig.  213. 

The  starting  switch  is  located  under  the  toe  board  within  easy 
reach  of  the  driver.  Closing  the  starting  switch  connects  the 
armatúre  and  serieš  fields  in  serieš  with  the  battery,  with  the 
shunt  field  winding  connected  across  the  armatúre  terminals. 
When  the  w>Itage  of  the  generátor  has  reached  a  sufficient  value 
to  chargé  the  battery  the  cutout  contacts  close  and  connect  the 
electrical  unit  to  the  battery.  The  output  of  the  electrical  unit 
is  regulated  by  the  samé  mcthod  as  used  with  models  A  and  B. 

The  tension  in  the  driving  chain  is  adjusted  by  an  eccentric 
adjusting  ring  in  the  front  flange  of  the  cylinder  block.  This  ring 
fits  over  the  forward  end  of  the  electrical  unit.  The  unit  is  sup- 
ported  by  two  adjustable  V  blocks  and  held  in  position  by  a  steel 
strap.  There  should  be  about  V^  inch  up  and  down  movement 
in  the  chain. 

Modd  G  Electrical  System 

This  systém  uses  12  volts  throughout,  the  battery  bcing  com- 
posed  of  six  cells.  The  internal  connections  of  the  electrical 
unit  and  the  combined  cutout  and  regulátor  of  one  of  the  earlier 
model  G  systems  are  shown  in  Fig.  214.  In  this  systém  the  start- 
ing switch  is  placed  in  the  samé  housing  with  the  cutout  and 
regulátor  and  mounted  under  the  toe  board  in  front  of  the  driver. 
The  starting  switch  is  closed  by  depressing  a  pedál  that  extends 
up  through  the  toe  board.  When  the  starting  switch  is  closed 
the  electrical  unit  operates  as  a  cumulative  compound  motor. 

As  soon  as  the  engine  is  running  at  a  speed  equivalent  to 
approzimately  10  miles  per  hour  the  cutout  will  close  and  the 
generátor  will  štart  to  chargé  the  battery.  The  output  of  the 
generátor  is  maintained  at  the  correct  value  by  the  joint  action 
of  the  third-brush  type  of  regulation  and  the  differential  action  of 
the  serieš  field  winding. 

A  more  recent  type  of  the  model  G  systém  is  shown  in  Fig.  220. 
In  this  čase  there  is  a  shunt  field  coil  on  each  of  the  four  poles  and 
also  a  serieš  coil  on  each  pole.  In  the  earlier  models  two  poles 
had  shunt  coils  and  two  had  serieš  coils. 

North  East  Two-Unit  Syston 

The  generátor  for  the  Xorth  East  two-unit,  single-wire,  6-volt 
systém  is  a  bi-poiar  shnnt-wound  machine  and   may   be   driven 
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throQgh  a  flexible  eoupling  from  the  pump  shaft  or,  if  that  is 
impracticable,  throagh  gears  or  through  a  silent  chain  from  the 
engine  crankshaft.  Other  methods  of  dríving  may  be  used  as 
conditions  demand. 

The  ontput  of  the  generátor  is  operated  by  the  third-bmsh 
type  of  regulation  and  so  designed  that  it  will  permit  the  maxi- 
mum charging  rate  to  be  reached  at  a  rather  low  speed. 

Slarting  Motor 

The  starting  motor  is  a  four-pole  series-wound  machine  capable 
of  developing  more  than  1  horsepower  at  a  rated  voltage  of  6 
volts.  The  mechanical  connection  between  the  starting  motor 
and  the  engine  is  taken  čare  of  by  a  Bendix  drive. 

The  starting  switch  and  electromagnetic  cutout  for  the  two- 
unit  systém  are  mounted  in  the  samé  housing,  and  their  construc- 
tion  and  operation  are  practically  the  samé  as  similar  North  East 
devices  already  described. 

System  on  1917  Dodge  Brotliers  Car 

Two  wiring  diagrams  of  the  North  East  electrical  installation 
on  the  1917  Dodge  Brothers  car  are  shown  in  Figs.  215  and  216. 
The  systém  is  a  single-wire,  12- volt,  single-unit  type  with  the 
negative  side  grounded.  The  electrical  unit  is  a  model  6  type. 
It  is  driven  at  three  times  engine  speed  by  a  silent  chain  running 
over  a  sprocket  keyed  on  the  front  end  of  the  crankshaft  and 
another  sprocket  fastened  to  the  shaft  of  the  electrical  unit.  The 
armatúre  is  supported  in  balí  bearings  at  both  ends. 

The  chain  adjustment  is  taken  čare  of  by  an  eccentric  ring 
on  the  front  end  of  the  electrical  unit,  which  fits  in  an  opening 
in  the  ilange  of  the  cylinder  block.  The  starting  switch,  cutout 
and  regulátor  all  are  combined  in  one  housing  and  mounted  on  the 
under  side  of  the  toe  board. 

The  charging  indicator  is  located  on  the  left  side  of  the  inštru- 
ment board  and  is  inserted  in  the  charging  circuit  between  the 
automatic  cutout  and  the  positive  battery  connection.  To  the 
I)Ositivc  terminál  on  the  charging  indicator  are  conncctcd  the 
wires  which  conduct  the  current  for  the  ignition  and  lighting 
switch  and  for  the  horn.  This  indicator  registers  "chargé*'  when 
the  starter-gencrator  is  charging  the  battery  and  "dischargc" 
when  the  battery  is  supplying  current  for  tho  ignition  or  lighting 
syatems.     Whenever   the   starter-generator   is   supplying  current 
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lu  the  battery,  however,  the  iodicator  witl  sbow  chargé  evcD  if 
all  the  lampa  are  buraing.  "Disebarge"  will  appear  on  the  indi- 
lator  whenever  the  ligbta  are  being  used  while  tbe  ear  is  stand- 
lag  or  runaiug  on  direct  drive  at  a  apeed  of  leaa  tban  10  to  12 
mi  les  per  bour. 

If  at  any  time  the  cbargiag  indicator  failg  to  regúter  properlj, 
inepect  its  terminál  poatH  to  aee  tbat  the  wirea  leading  thcreto 
are  attached  securely.  Alao  make  súre  that  there  are  no  ahort- 
circuitB  in  the  wiríng  systém.  The  abowing  of  discbarge  inatead 
of  cbarge,  wben  tbe  tatter  should  be  indicated,  is  an  almost  cer- 
taia  Bigu  tbat  a  ahort-eircuit  bas  developed  in  the  wiriDg  aystem 

FDRTARLE  AMMETER  REVEBSĽ- CURRENT 


Flg.  sn—ltelliod  o/  eoHnri-llitff  porlabtr  ammflrr  In  the  eharving 
Circuit  of  the  Horlh  Ba»t  »ii»tem 

unleia,  of  eourse,  tbe  wires  attached  to  the  charging  indicator 
háve  been  counected  to  its  termínals  in  šuch  a  way  as  to  reverae 
the  direction  of  flow  of  tbe  currcnt  tbrough  the  indicator.  If  no 
Hhort-circuit  in  the  car  wiring  is  to  bc  found,  then  the  indicator 
may  be  in  necd  of  rcpalr,  Be  aure  to  rcplacc  properiy  all  con- 
nectiona  before  running  the  enfipne. 

Sbould  the  charging  indicator  be  removed  from  the  circuit, 
connect  togetber  all  the  leads  which  normally  are  attached  to  its 
terminals.  Failure  to  do  thís  will  injure  tbe  pquipment  if  the 
en  gin  e  is  operated. 

Th«  ligbting  systém  is  of  tbe  ground-return  type,  the  ear  fr«roe 
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serying  as  a  return  path  for  thc  current  from  the  lamps  to  the 
negatíve  terminál  of  the  battery. 

There  are  two  headlamps,  a  dashlamp  and  a  taillamp.  The  lámp 
bulbs  used  are  as  foUows: 

Headlamps — 15-candlepower,  14  volts^  G-16%  bulb,  single-con- 
taet,  bayonet  base. 

Taillamp — 2-candlepower,  16  volts,  G'6  bulb,  single-contaet, 
bayonet  base. 

Dashlamp — 2-candlepowery  16  volts,  G-6  bulb,  single-contact, 
bayonet^  base. 

The  lighting  switch  has  three  positions— *  *  Oflf, '  *  "Dim,"  ''On." 
In  the  *'Dim"  position  the  *tail  lámp,  the  dash  lámp  and  the 
head  lamps  ''dim"  are  tuťned  on.  In  the  ''On^'  position  the 
tail  lampy  the  dash  lamps  and  the  head  lamps  ''bright"  are 
turned  on.  On  the  back  of  this  switch  is  located  the  dimmer  re- 
sistance  coil  through  which  the  current  for  the  head  lamps  flows 
when  the  switch  handle  is  turned  to  the  *'Dim"  position.  AU  the 
lamps  are  connected  in  parallel  so  the  burning  out  or  removal  of 
any  one  of  them  will  not  affect  the  others. 

The  best  results  will  be  obtained  from  the  head  lamps  when  the 

bulbs  are  in  f  ocus  with  the  lámp  reilectors. 

To  obtain  the  proper  focus  plače  the  car  in  position  where  the 
light  can  be  projected  on  a  wall,  about  100  feet  from  the  car. 
Ad  just  the  bulbs  backward  and  forward  until  the  illumination  on 
the  wall  is  most  brilliant  and  free  from  black  rings  and  streaks. 
The  bulb  sockets  are  held  in  plače  by  corrugations  in  the  lámp 
sockets  and  will  remain  in  proper  position  when  once  adjusted. 
Focus  each  lámp  separately.  See  that  the  lámp  brackets  are  set 
so  that  the  light  is  projected  straight  ahead. 

The  battery  should  reeeive  frequent  inspection  and  should  be 
filled  with  pure  water  to  the  proper  height  whenever  necessary. 
In  čase  any  part  of  the  electrical  systém  fails  to  work  satisfac- 
torily,  test  the  battery  with  a  hydrometer  and  if  it  is  found  to  be 
in  a  discharge  condition,  inspect  the  entire  systém  for  short- 
eircuits  or  loose  connections.  If  in  so  doing  the  ground  wire  of 
the  starting  switch  or  the  indicator  wires  are  removed,  čare  should 
be  taken  to  replace  these  wires  properly  before  again  starting 
the  engine.  The  owner  should  not  attempt  any  repairs  himself  or 
allow  inexperienced  electrioians  to  tamper  with  the  electrical 
equipment  but  in  generál  should  consult  the  Dodge  Brothers  dealer 
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and    UghliHff  n/Mlcm,  «nth   type  3506   etecirícal   tinil 
8100  itúrtína  itcltch  and  mtoul 
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A  portable  ammeter  may  be  connected  in  serieš  with  tlie  cbarg- 
ing  indicator  as  shown  in  Fig.  217  and  a  check  made  on  the  charg- 
ing  rate  of  the  electrical  unit  at  different  speeds.  An  ammeter 
should  be  used  always  when  making  any  changes  in  the  position 
or  adjustment  of  the  third  brush. 

The  electrical  unit  mušt  never  be  run  with  the  battery  discon- 
nected  from  the  circuit.  This  is  a  condition  which  endangers  the 
coils,  brushes  and  commutator  of  the  electrical  unit  as  well  as  the 
u-indings  of  the  reverse  current  cutout.  The  reason  for  this  is 
that  the  battery  forms  an  important  link  in  the  starter-generator 
control  systém^  and  its  removal  from  the  circuit  invariably  impairs 
the  effectiveness  of  the  remainder  of  the  control  systém.  There* 
fóre,  whenever  the  occasion  arises  necessitating  the  operation  of 
the  systém  ^thout  the  battery  in  circuit^  the  positive  terminál 
of  the  electrical  unit  mušt  be  grounded  or  connected  directly  to 
the  negatíve  terminál  of  the  electrical  unit. 

With  the  battery  removed  from  the  car,  however,  it  will  not  be 
possible  to  operate  the  engine,  except  when  it  is  equipped  with 
magnete  ignition,  unless  some  other  source  of  current  for  the 
ignition  systém  is  provided  temporarily. 

The  fuse  located  on  the  outside  of  the  commutator-end  housing 
of  the  type  3554-G-l  electrical  unit  is  inserted  in  the  shunt-field 
circuit  and  is  designed  to  blow  if  the  battery  circuit  is  opened, 
thus  protecting  the  systém  by  rcndering  the  electrical  unit  inopera- 
tive.  Therefore,  if  the  machine  fails  to  chargé  the  battery  at  any 
time,  insi)ect  the  fuse  fírst  of  all^  and  in  čase  it  is  found  blown 
replace  it  with  a  new  one.  If  the  new  fuse  in  turn  blows  as  soon 
as  the  machine  is  started  up,  make  a  careful  scarch  for  the  cause 
of  the  trouble  and  see  that  conditions  are  correctcd  before  allow- 
ing  the  equipment  to  go  into  service  again. 

The  fuse  used  should  not  be  larger  than  12-ampere  capacity  or 
smaller  than  10-ampere  capacity. 

System  on  1918  Dodge  Brotlitfs  Car 

The  electrical  installation  on  the  1918  Bodge  Brothers  car  ia 
practically  the  samé  as  that  used  on  the  1917  model.  A  wiring 
diagram  of  the  starting  and  lighting  systém  is  shown  in  Fig.  218. 
The  internal  connections  of  the  electrical  unit  and  the  eombined 
cutout,  regulátor  and  starting  switch  are  shown  in  Fig.  220.  The 
ignition  systém  is  shown  in  Fig.  219.    The  internal  connections  of 
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the  ignition  systém,  which  is  made  by  the  Belco  company,  are 
shown  in  Fig.  221. 

As  will  be  evident  úpon  reference  to  the  wiring  diagram,  the 
primáry  circuit  of  the  ignition  systém  leads  Írom  the  positive 
terminál  of  the  battery  through  the  charging  indicator  to  the 
ignition  switch  binding  post  marked  '^Bat.";  thence,  when  the 
switch  Í8  turned  on,  through  the  switch  to  one  of  its  binding  pošta 
marked  "Ign.  Coil."  Continuing  on  from  this  point  through  the 
ignition  coil  and  the  breakcr  contacts,  it  returns  to  the  second 
awitch  binding  post  marked  ' '  Ign.  Coil, ' '  whence  it  passes  througl& 
the  switch  again,  and  then  finally  reaches  the  grounded  negatíve 
terminál  of  the  battery  through  the  grounded  terminál  of  the 
switch  and  the  car  frame.  The  ignition  switch  is  so  constructed 
that  it  prodnces  a  reversal  of  polarity  in  the  distributér  circuit 
each  time  the  switch  is  turned  off  and  then  on  again.  For  this 
reason  there  is  no  necessity  for  making  a  distinction  between  the 
two  wires  leading  from  the  distributor  to  the  two  switch  binding 
posts  marked  ''Ign.  Coil/'  because  the  operation  of  the  systém 
cannot  be  affected  by  the  transposition  of  these  wires.  With  this 
one  exception,  however,  the  ignition  circuit  connections  always 
mušt  be  made  exactly  as  indicated  in  the  diagrams,  if  a  satis- 
factory  operation  of  the  systém  is  to  be  obtained. 


CHAPTER  XXn 

Wagner  Electrical  Equipment  for 

Motor  Cars 

A12-V0LT  combined  generátor  and  motor  was  used  in  the 
early  model  of  the  Wagner  single-unit,  two-wire  systém  on 
the  1913  Studebaker  35  and  six  cars.  The  machine  has  four  poles, 
an.l  each  pole  is  provided  with  a  shunt  and  serieš  winding.  The 
armatúre  of  the  machine  has  two  independent  windings  and, 
therefore,  two  commutators.  The  armatúre  of  the  electrical  unit 
is  driven  direct  f rom  the  engine  through  a  set  of  spur  gears  when 
it  is  operating  as  a  generátor.  When  the  electrical  unit  is  operat- 
ing  as  a  starting  motor  the  armatúre  is  connected  to  the  crank- 
shaft  of  the  engine  by  a  si)ecial  planetary  gear. 

The  starting  switch  is  of  the  drum  type.  It  is  mounted  on  top 
of  the  electrical  unit  and  operated  by  a  rod  which  extends  through 
the  dash  of  the  car  and  terminates  in  a  handle  within  easy  reach 
of  the  driver.  The  lever  operating  the  starting  switch  also  con- 
trols  the  friction  bánd  which  puts  the  planetary  gear  into  opera- 
tJon. 

The  regulation  of  the  generátor  output  is  accomplished  by  the 
third-brush  type  of  regulation  in  combination  with  a  reversed 
serieš  field. 

The  cutout  is  of  the  electromagnetic  type  and  automat ically 
connects  the  generátor  to  the  battery,  when  the  generátor  voltage 
is  high  enough  to  chargé  the  battery,  and  disconnects  the  two 
when  the  battery  starts  to  discharge  through  the  generátor  due 
to  the  voltage  of  the  generátor  being  lower  than  the  voltage  of 
the  battery. 

A  wiring  diagram  of  this  systém  is  shown  in  Fig.  222.  When  the 
starting  switch  is  thrown  to  the  starting  position  the  full  12 
volts  of  the  battery  are  used,  and  when  the  switch  is  thrown 
to  the  running  position  it  permits  the  use  of  a  6-volt  lighting 
systém  and   a  three-wire  arrangement   of  the  electrical   systém. 
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If  the  atmrting  and  genersting  circuits  arc  traced  careíully,  it  will 
bc  found  that  tfae  armatureB  arc  in  parallel  for  motor  action  and 
tbe  inagnetic  Seid  b  produced  by  the  serieš  coil,  while  tot  gen- 
erátor action  the  armatures  are  in  serieš  and  half  the  ahunt  fieid 
i  s  connected  acroM  eaeb  armatúre. 

A  wire  Í8  ruu  from  the  center  of  the  batterj'  to  tbe  Hghting 
switch,  and  the  lamps  are  operated  on^a  Ihrec-wire  sj'Btem,  balt 
the  battery  voltage  being  applied  to  any  one  lámp. 

WagnM-  1914  Two-Unit  System     . 

The  atarting  motor  in  the  Wagner  12volt,  two-unit,  two-  and 
three-wire  systems  of  19H  is  a  four-jiolc  series-wound  type 
eiguipped  with  a  gear  reductioD  iar  rediicing  the  specd  of  the 


engine  in  relation  to  the  speed  of  the  motor  so  it  will  be  suHable 
for  eranking  the  en^ne.  An  end  view  of  the  ntarter  and  gear 
with  the  gear-housing  cover  romoved  is  shown  in  Fig.  223.  The 
gear  equipment  eonsists  of  a  smalt  steel  pinion.  A,  on  the  motor 
shaft  which  meshes  with  a  larger  steel  gear.  B,  on  the  back  shaff , 
therebj  reducing  the  speed.  The  back  shaft  is  equipped  with  an 
over-running  i^lutch  which  locks  when  the  engine  Í8  being  eranked 
and  releases  aa  sooq  as  the  engine  firea. 

Tbe  štartér  is  eonnecled  to  the  engine  by  a  pinion  on  the  baek 
shaft,  which  meshea  with  a  gi^ar  on  the  engine  flywheel.  The 
pinion  is  placed  on  the  back  shaft  and  is  so  arranged  that  it  eao 
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■lide  on  the  ahaft  as  it  is  thrown  in  and  out  of  gvat  hj  the  ]«vFr 
V,  Bhown  in  Fig.  2S4.  The  íleclrical  ronnection  between  tfae  atart- 
ing  motor  and  the  battcrj  ig  controlled  hj  a  awiteh,  W,  Fíg.  224, 
whicb  alfo  ie  operated  by  tbc  lever  V.  The  starling  operfttion  is 
accomplUhed  by  puahing  tho  lever  V  forvard.  Wheo  tbe  IcTer  i« 
restored  to  iti  □riginnl  poRition  the  pinion  ú  tbrown  ont  of  nesb 
and  the  atsrting  sniteb  is  opened. 
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A  view  of  the  generátor  wUh  thc  coinmutator  cover  Temnved  ís 
shown  in  Fig.  225.  It  íb  a  íour-pole,  Bhunt-wound  machinc,  wbich 
maj  be  driven  by  the  engíne  througb  &  train  of  geara,  chain  or  bj 
Home  other  meana,  whieh  depend  u[)Oii  tbe  particular  ínstallation. 
The  generátor  output  is  regulaled  by  the  third-brush  tnethod. 
A  amall  cartridge  fiirie.  Fíg.  22!í,  is  coonected  in  the  ahunt-field 


lup,  Khich   tcaa  and  in   thc  1014  'yflriHi 

circuit.  If  from  any  causo  thc  generátor  is  operated  on  open 
ľirťuit,  aueh  as  with  the  battery  rcmoved  from  the  car  or  discon- 
nected.  the  tendenry  of  thc  ficld  curreut  is  to  inrrcase  to  an  abnor- 
mal  value,  which  wlll  causc  the  voltago  to  rise  to  an  abnormal 
valne.  The  fusc  will  blow  bofore  the  fieid  current  geta  to*  hijtb 
and  thua  prevent  tbe  voltage  rising  to  an  ezceMive  valu*,  M  tha 
generátor  wilt  not  generate  if  thc  Seld  circuit  ia  open. 
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The  eutout  relay  ia  dcaigned  to  be  locatcd  on  thc  dash  and 
ú  of  thc  custODtary  type,  liaving  two  windings.  One  of  these 
windinga,  called  tbc  serieš  windingB,  cairies  the  current  to  or 
Írom  the  baltCTy,  de|iendiiig  úpon  whether  it  io  charging  or  di8- 
char^ng,  and  the  Bccond  winding,  culled  the  shunt  windiog,  bas 


Fig.  ;!38— ffojínfr  fftn.ruf.jr  med  vHfh  thc  1015  tgilcma 

a  eurrent  in  it  which  varies  directly  aa  thc  voltage,  as  this  wind- 
iríg  is  connected  acroas  thc  line. 

Tlie  electrleal  vounertioiis  of  a  systém  of  thia  Itind  are  sbown  • 
diagiammatically  in  Fig.  226.  Tbc  lights  aro  opcraled  on  a  tliree- 
wire  systém,  and  a  neutral  wirc  ia  run  from  the  center  of  the  bat- 
tery  to  the  lighting  switeh,  as  ahowu  in  the  figUTe. 

1914-1915  Wacner  S^ttemt 

Tbe  constTuetion  of  the  ataiting  motoT  and  back  gear  for  tbe 
Wagner  6-volt,  two-unit,  two-wire  systém  for  1914  and  1915  are 
prartically  the  samc  aa  that  in  tbc  systém  described  in  the  prc- 
vious  scction.  Thc  starlíng  motor  is  connected  to  the  engine  by 
A  Chain  which  operates  from  a  sprocltct  on  the  back  ahaft  of  the 
■tarting  motor  to  a  aprocket  on  thc  engine  sbaft.  An  over-running 
cluteb  preventa  tbe  engine  from  dríving  tbe  starttng  motor. 
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The  starting  switch  is  of  the  push  type  and  is  moonted  <m  the 
imder  aide  of  the  toe  board  within  easy  reach  oí  the  dri  ver. 

The  generátor  is  a  four-pole,  shnnt-wound  machine,  and  its  ont- 
put  Í8  regulated  by  the  third-brush  met  hod.  A  view  of  the  gen- 
erátor and  eutout  with  their  covers  removed  is  shown  in  Fig.  227. 
In  the  1915  systems  the  cntont  was  loeated  in  the  tool  box  nnder 
the  driver's  seat.  The  generátor  used  with  this  systém  is  shown 
in  Fig.  228.  The  bnishes  H  and  I  collect  the  main  current  from 
the  eommntator  of  the  generátor.    The  brushes  F  and  6  snpply 
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Fig.    229 — ITaj/mr    fUctromoi/ntttc   cmtomt    m*(4    tritk    tke    1917 

im$taUútiomt 

eorrent  to  the  shunt  fieid  winding.  The  position  of  the  bmsh  O 
may  be  changed  by  loosening  the  screw  U  and  moving  the  bmsh 
in  the  direction  neeessary  to  bring  abont  the  desired  ehange  in 
generátor  ontput.  The  adjustment  in  the  position  of  this  bmsh 
shonld  be  made  by  an  experienced  man. 

1916-1917.1918  Wagner  Syslcaii 

The  generátor  in  the  Wagner  6- volt,  two-onit,  single-wire  WJW^ 
tems  f  or  1916-1917-1918  is  a  round  f  ráme,  two-pole,  shunt- woond 
machine.  The  regulation  of  the  generátor  ontpnt  is  by  the  third- 
bmsh  method.    The  position  of  the  third  bmsh  is  adjostabltf,  aad 
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tlie  oatpnt  of  the  generátor  maj  be  adjusted  hy  moviug  tbe  thlrd 
brush.  The  geoerator  haa  only  ooe  ineulated  terminál,  as  it  ia 
uscd  with  a  gingle-wirc  systém.  The  method  o(  driviag  the  gen- 
erátor will  deppnd  úpon  the  partieuiar  installation  and  may  bo 
by  silení  chain,  train  of  gears,  elc. 

The  cutout  Í8  cylindrical  in  form  and  ia  provided  with  Iwo  insn* 
Inted  terminals.  The  shell  of  the  eutout  forma  one  terminál  af 
the  ahant  winding,  and  it  mušt  be  well  grounded.  A  view  of  the 
cutout  with  the  cover  removed  is  shown  in  Fig.  229.  Its  operation 
■s  sa  foHowB:  When  the  current 
in  tbe  sbunt  winding  haa  íncreased 


valne,  due 


>   tbe 


the  voltage  of  the 
generátor,  the  disk  O  is  drawn 
toward  the  rore  of  the  electro- 
maguet  and  the  contacts  Q  and 
P  close.  As  eoon  as  these  eon- 
taets  are  closed  tbe  generátor 
atarts  to  chargé  the  balfery,  and 
the  magnetizing  action  of  tbe  cur- 


the  g 


dmg  a 


the  magnetizing  aťtion  of  the  cur- 
rent in  the  shunt  winding.  If 
fr,r  any  reason  the  ballcry  starts 
to  diseharge,  tbe  contarts  Q  and 
P  are  sejiarated  and  the  eireu:t 
bťlwi-en  the  generátor  and  the 
battery  is  broken.  The  eontaet 
elos"  at  an  engine  speed  of  7  to 
10  miles  per  hour. 

In  some  inslallalions  the  gen- 
erátor Í9  mounted  on  end,  with  the 
eommutator  end  on  top,  A  gen- 
erátor whose  CO  natruc  t  ion  i  s  šuch 
that  i  t  may  be  mounted  on  end  is 
ehown  in  Fig.  230. 

The  Btarting  motor  is  &  fonr-pole,  series-woaad,  fonr-brnBh, 
two-terminal  maehiac.  A  piníon  on  the  motor  sbaft  meshea  with 
a  large  gear  which  may  form  part  of  the  Bendix  screw  meehanism, 
or  it  may  be  mounted  on  a  shaft  carrying  a  cbain  sproeket.    Thia 


'.  230 — V.'oviur  generátor 
conttmcled  Ihat  II  moii 
'role  In  a   cerffcol  poittion 
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spŕocket  mny  be  connected  to  a  spcnnd  sprocket  on  the  eof^ne 
cránkshaft  by  a  eUeot  chain  and  ovcr-runninjt  clutch.  The  start- 
ing  motor  Hhown  ia  Fig.  231  drives  the  engine  by  a.  sileot  chain 
wbicb  raDS  over  a  sprocket  mounted  on  the  shaft  D.  The  Bendix 
gear  may  mesh  nith  a  gear  on  the  flynheel  or  it  may  meab  wítb  s 
gear  mounted  on  the  end  of  the  generátor  shaft,  the  generátor 
being  conneeted  to  the  crankahaít  of  the  engine  by  Hprocketa 
and  a  Bilent  chaiu. 


Fig.    232^ Explúiril    liite   ■■/    Wagni 
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Tbe  atartiug  switch  u  mounted  ander  the  Hoai  board  in  the 
majority  of  eaies  and  íb  of  the  tbnurt  tjrpe.  An  ezploded  view 
ot  a  atarting  switch  is  shown  in  Fig.  232. 

Wirmg  <rf  Saxons 

A  penpeetive  wiring  diagram  of  the  Wagner  instanation  on  the 
líaxoD  ňz  la  sbonn  in  Fíg.  233.  This  is  a  eingle-unit,  H-volt,  ain' 
gle-wire  ayetem  with  Ibc  positive  dde  of  the  systém  grounded. 


ng.  33i~Wai;ncr  lN«lal)alíaii  on  tíacon   B&R 

Tbe  taifligbt,  headlighta  and  horn  are  proteeted  br  fuses  mounted 
on  a  fuse  bloek  located  on  the  dash  of  the  car.  The  lámp  cirfoits, 
except  Ihe  dashiamp  and  the  ignition,  are  conlrollcd  by  a  čom- 
bination  ignition  and  lighting  su-ilcb. 

A  Wagner  instaliation  on  a  Saxon  model  B- 5- B  Íb  thown  in  Fig. 
234.  In  this  inglallatiun  the  molor  is  mounted  above  the  gen- 
erátor, Knd  a  Bendix  pinion  on  the  starting  motor  sbaft  «Bg«gM 
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a  gear  on  the  generátor  shaft.  The  geDerator  ia  driven  hj  a  iilmt 
chaÍD.  Tlie  mountíng  of  the  ignition  diatributor  ia  shown  elearljr 
in  the  figúre. 

Wiring  o(  Stadebaktf  Serieš  18 

A  perBpectivc  view  of  tbe  inatallation  of  the  Wagnor  syatem 
on  the  Studcbaker  Serieš  18  model  is  shown  io  Fíg.  235.  Thia'  ia  a 
two-unit,  6-vo1t,  sÍDgle-wire  sjstem  with  tbe  positive  side  of  the 
ba.tterj  grounded.  A  view  of  the  etectrícal  inMallatioa  on  tbe 
cngine  ia  Bhown  in  Fig.  236. 


Pľom  tbe  junction  box  tbe  wirca  ruu  to  alt  tbe  various  pnrta 
of  the  clcctriral  sjHtem.  Tbe  junction  box  carríea  tbe  fuaea 
and  tbe  whole  thing  is  inclosed  in  a  bousing  for  protcction.  The 
rraiatanpc  used  in  dimming  tbe  headlighta  ia  mouated  on  the  ont- 
Hide  of  tbe  junrtion  box.  The  intcrn.il  connertions  of  tbe  variona 
ciri'uita  in  tbc  junction  box  are  abown  in  Kig.  2'i7, 

The  ignition  sjstcm,  which  ia  manufactured  by  tbe  Bcmy  Elee* 
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trie  Co.,  consists  of  the  coil,  the  combined  timer  and  distributor 
and  the  spark  plugs.  The  ignition  is  shown  installed  in  Fig.  238. 
The  current  for  ignition  is  drawn  from  the  storage  battery  when 
starting  and  from  the  generátor  when  running.  The  combined 
timer  and  distributor  should  be  inspoeted  occasionally  to  see  that 
no  oil  or  dirt  has  aceumulated  inside  or  other  foreign  matter 
between    the   terminals   on   top   of   the   distributor.     Any   šuch 
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accutnulatiou  abould  be  ctoaned  out  carefully,  as  ita  preiene^  will 
cause  the  contact  pointa  to  wear  away  rapiitij. 

If  inapection  of  the  ronlact  points  shows  tbat  the  Burtacea  «f 
contact  are  flat  and  háve  a  frosty  appearance,  this  ia  an  indication 
of  perfect  condition,  If  the  contact  Burfaces  appear  very  rongh 
or  pittcd,  the^  should  be  smoothed  flat.  After  amoothing  off  ít  ia 
nepessary  to  readjuBt.  This  work  should  be  handled  by  oa  experi- 
«nced  mao. 

The  grease  cup  which  lubrícateB  the  distributor  shaft  Bhould 
be  given  a  eingle  turn  about  once  every  2,000  miles. 

To  detcrmÍDe  wbetber  the  ignition  in  any  cylinder  ia  in  fcood 
operBting  condition,  remove  the  wire  front  the  spark  plug  and 


Flg.   23R— Bí-mj!    ígmnon    iiuifnllrd   on  a   Btwlrbnkrr    riigitír 

hold  it  by  tlie  inaulatiao  about  ^  to  Vi  inch  from  the  body  of  th« 
Bpark  plug.  If  the  spark  jumpa  frotn  the  wire  to  the  Bpark  p\ag 
body,  the  ignition  up  to  the  spark  plug  íb  in  good  order.  To  teat 
ttic  plug,  remove  ít  from  the  cylinder  and  rc-attach  the  wire  to  it. 
Thcii  plean  the  points  of  the'  plug  and  see  that  the  gap  betwŕen 
them  has  been  corrected  to  the  propcr  width,  .025  inch.  Lay  the 
spark  plug  on  its  sidc  on  the  cylinder  and  štart  the  motor.  U 
the  plug  is  in  good  condition,  you  will  see  a  apark  jump  the  gap 
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between  the  joints.  If  the  spark  does  not  jump  the  gap  the  plug 
may  require  cleaning.  Oil  and  soot  covering  the  parts  adjac/ent 
to  the  pointa  will  short-circuit  the  gap  and  kill  the  spark.  To 
clean  the  spark  plug  use  a  tooth  brush  and  gasoline.  After  the 
spark  plug  is  cleaned  repeat  the  operation,  and  If  the  spark  still 
does  not  jump  the  gap  a  new  plug  is  necessary. 

Unless  you  háve  completely  overhauled  the  engine,  it  ordinarily 
will  not  be  necessary  to  readjust  the  timing  of  the  spark.  But 
if  it  has  been  necessary,  in  making  repairs,  to  disturb  the  rela- 
tion  between  the  two  bevcl  gears  which  drive  the  distributor  shaft, 
it  is  necessary  to  retime  the  engine,  which  work  should  only  be 
done  by  an  experienced  man. 


CHAPTER  XXm 

Bijur  Electrical  Systems 

SEVERAL  <liifereiit  types  of  electrical  equipment  for  the  motor 
car  háve  been  made  by  the  Bijur  Motor  Lightiňg  Co.  during 
the  last  few  years,  and  a  bricf  description  of  the  main  character- 
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Fig.  2Z9  -'Tntcrnal  conncctinn*  uf  Bijur  third-bniah  gcntrator 
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and  what  migbt  be  called  a  typleal 
s  following  paragraphs. 

Third-Bruih  Regnlation 

Bijur  generátora  witb  tbÍTd-bruah  regulation  háve  a  ehunt  winď 
ing,  and  tbe  output  ú  rcgulated  by  tbe  tbird>brush  melbod.  An 
elcclrumagnelic  cutout  witb  two  wiadingB,  a  seriCE  and  a  Hbunt, 
ie  connectcd  in  circuit  betwecn  thc  generátor  aud  tbe  Htorage 
bottery  and  auomativalt}'  conni'cts  and  ilieconnects  the  generátor 
and  the  batttry.  This  rutout  íe  inounted  iu  tbe  commutator  e^á 
of  tbe  dynamo  and  is  accesBible  for  adJDHtment  by  removing  the 
braaa  bánd  from  around  the  generetor.  The  intemal  eonnectiona 
of  the  generátor  are  ahomi  in  Fig.  23B. 

Only   two   wireB   lead    from    the    generátor,   aa    Bhown   in    tbe 
diagram,  and  they  run  to  the  etorago  battery  through  a  junction 
bloch   and   fusc   blork   tocatcd   on   the  engine  side  of   tbe   dash. 
Thc  generátor  ia  reveraible,  and  connections  may  be  made  to  the 
goneraloT  witbout  any  regard  to  the  polarity  of  tbe  linea.     If 
tbe  wrong  connectiona  are  madc,  the  generátor  automatically  wíU 
Baaume     thc     corrcet 
polarity  to  chargé  tbe 
atorage  battery.    Tbe 
battery       and       gen- 
erátor alwaya  aboald 
be   conncetcd   so   the 
índieator     in     circuit 
will      show       chargé 
when      the      battery 
aetually    is    charging 
and    discharge    when 
the   battery  actually 
is  diacharging. 

On  one  end  of  tbe 
generátor   ia   an   alu- 
minum    bouaing   bcld 
in      plače      by      two   ' 
Bcrews.    Tbia  boaeing 
protecte  a  glaBB-íDcloscd  fuse  conneeted  in  the  ehant  fieid  circuit 
as  ahown   in  Fíg.  s;!9.     The  generátor  never  ahould  be  run  witb 
the  atorage  battery  diaconnected  uoleas  this  fuse  ia  temoved  Srst. 
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Bectfomagiietic  Regidatioii 

Bijor  generators  with  electromagnetic  regulation  háve  a  shunt 
field  winding,  and  the  resistance  of  the  field  circuit  is  varicd 
intormittently  in  value  by  a  special  regulátor.  The  winding  of 
this  sjiecial  regulátor  is  connected  across  the  terminals  of  the 
generátor  and  the  current  in  the  winding  varíes  directly  as  the 
voltage  of  the  generátor.  The  aetion  of  the  regulátor  is  šuch  that 
i  t  tends  automatically  to  maintain  the  voltage  of  the  generátor 
constant. 

An  automat  ic  eleetromagnetic  cutout  is  mounted  in  the  samé 
houaing  with  the  automat  ic  voltage  regulátor.     In  some  casea 
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Fig.  241 — Intrrmnt  cnmmrctiQmM  «*/  Biýmr  rombimr^  ttrctrowt^ffmeHe 
cmtout  ttá  mjmlatur  ii»oiiiil»4  on  top  •/  the  ciťclríoal  umit 


the  cutout  and  regulátor  are  mounted  inside  the  generátor  hous- 
ing,  and  in  some  casos  they  are  mounted  in  a  hoosing  on  top  of 
the  gvnerator  as  in  Fig.  240.  The  internal  connections  of  two 
regulátora  and  cutouts  are  given  in  Figa.  241  and  242,    The  Woa- 
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ing  eontaining  the  cutout  and  regulátor,  usually  spoken  of  as  the 
regulátor  box,  is  held  in  plače  by  a  special  knurled  screw.  Project- 
ing  from  the  rear  of  this  box,  or  from  the  end  of  the  generátor 
housing  when  regulátor  and  cutout  are  mounted  inside  the  gen- 
erátor and  fitting  into  a  receptacle,  is  a  disconnecting  and  revers- 
ing  plug. 

The  two  wires  which  connect  the  generátor  and  battery  are 
ioldered  into  the  terminals  of  this  plug.     This  plug  is  made  in 
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Fig.  242 — Intcmal  connections  of  Bifur  combined  electromaffnetio 
cutout  and  regulátor  mounted  inMde  the  'housing  of  the  generátor 


either  of  two  ways,  with  two  ílat  parallel  faces  or  round  and 
knurled  on  the  portion  extending  into  the  shell  which  it  fits.  The 
plug  may  be  turned  a  quarter  revolution  in  either  direction  from 
the  position  it  has  when  it  enters  the  receptacle,  and  when 
rotated  to  either  of  these  positions  and  allowed  to  spríng  out- 
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ward  nnder  the  iníluence  of  a  compressed  spríng  it  wiU  he 
locked  in  plače.  Pressing  it  in  and  turning  to  the  other  extréme 
position  reverses  the  conneetions  and  causes  the  polarity  of  the 
generátor  to  change.  The  manufacturer  recommenda  that  the 
position  of  the  plug  be  changed  about  every  500  milei.  It  ia 
not  advisable  to  change  the  plug  unless  the  atorage  battery  ia 
practically  fully  charged. 

Combined  Starting  Motor  and  Generátor 

The  internal  connectiona  of  the  combined  starting  motor  and 
generátor  unit  are  shown  in  Fig.  243.  It  is  a  compound-wound 
four-pole  machine  with  a  round  frame,  and  the  output  of  the 
nnit  when  operating  as  a  generátor  is  regulated  by  a  combina* 
tion  of  the  third-brush  and  differential  or  bucking  serieš  field 
types  of  regulation.  No  automatic  cutout  is  used  with  this 
machine,  but  it  is  connected  permanently  to  the  battery  while 
the  engine  h  running. 

Starting.  Motor*  and  Drives 

The  separáte  starting  motors  are  all  round-frame,  fonr-pole, 
series-wound.  Power  is  transmitted  to  the  engine  by  a  Bendiz 
drive  or  a  small  pinion  is  made  to  slide  on  the  square  shaft  of 
the  starting  motor  by  the  operation  of  the  starting  pedál  or 
handle  which  also  closes  the  starting  switch.  The  first  posi- 
tion on  the  starting  switch  connccts  a  resistance  in  serieš  with 
the  starting  motor  and  battery,  and  the  motor  operates  at  a 
slow  speed,  which  assists  in  the  meshing  of  the  driving  gears. 
The  resistance  is  cut  out  of  circuit  after  the  gears  are  in  mesh 
by  a  farther  movement  of  the  starting  switch.  This  small  pinion 
is  disengaged  as  soon  as  the  starting  pedál  or  handle  is  releareil 
and  the  starting  switch  is  opened. 

In  the  combined  generátor  and  starting  motor  units,  the  arma- 
túre is  connected  to  the  engine  crankshaft  by  a  chain. 

Bijur  on  Apperson  4-40  and  6-45 

The  Bijur  installation  on  the  Apperson  4-40  and  6-45  ia  of  tha 
three-unit,  6-volt,  two-wire  tjrpe,  Fig.  244.  The  output  of  the 
generátor  i  s  regulated  by  the  third-brush  met  h  od,  and  the  gen- 
erátor automatically  i  s  connected  to  and  disconneeted  trom  the 
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battery  by  an  electromagnetic  cutout  mounted  inside  the  gen- 
erátor hoasing.  The  generátor  is  reversible,  and  only  two  wireB 
eonneet   to   the   generátor. 

The  starting  motor  is  provided  with  a  square  shaft,  and  a 
pinion  is  mounted  on  thia  shaft.  The  pinion  can  be  moved 
horizontally  along  the  shaft.    It  meshes  direetly  with  the  teeth 

WNITION 
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Fíg,  243 — Tntemal  connections  o  f  Bijur  cambined  penerator  and 
motor  unit   with   generátor   reffulation — a    combination    of    third- 

hruHh  and  bucking  methods 


in  the  edge  of  the  ílywheel,  and  no  intermediate  gears  of  any 
kind  are  used.  The  starting  handle  on  the  cowl  connects  through 
linkage  to  a  trunnion  which  moves  the  pinion  on  the  square 
shaft  of  the  motor.     The  starting  lever  also  operates  the  štart* 
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ing  switch.  The  pinion  normally  is  held  out  of  mesh  with  the 
gear  on  the  flywheel  by  a  spring  which  also  holds  the  starting 
switch  in  the  open  position. 

The  firat  movement  of  the  starting  handle  closes  a  set  of  con- 
tacts  on  the  starting  switch,  which  connects  the  motor  to  the 
storage  batterj  with  a  resistance  coil  in  serieš.  This  resistance 
coil  is  inside  the  starting  switch.  The  starting  motor  turns 
over  quite  slowly  when  the  resistance  coil  is  in  circuit  and  thns 
enables  the  pinion  on  the  motor  shaft  readily  to  be  meshed  with 
the  teeth  on  the  flywheel.  Farther  movement  of  the  starting 
handle  connects  the  starting  motor  direct  to  the  storage  battery 
and  the  motor  then  will  spin  the  engine. 

Ignition  is  taken  čare  of  by  a  magnete. 

A  battery  chargé  indicator  is  located  on  the  cowl  board.  This 
indicator  stands  at  "Floating''  when  the  battery  is  neither 
charging  nor  discharging.  When  the  charging  current  ezceeds 
approzimately  2  amperes  the  indicator  swings  over  to  ''chargé/' 
and  when  the  discharge  cnrrent  exceeds  approximately  two 
amperes  the  indicator  swings  over  to  "discharge." 

A  two-gang  switch  on  the  cowl  board  controls  the  two  head- 
lamps  and  the  taillamp.  The  lámp  on  the  cowl  board  is  controlled 
by  a  separáte  switch,  or  key,  at  the  lámp  itself.  When  the  left 
lighting  switch  is  pulled  out  the  headlamps  burn  dim,  and  when 
both  the  switches  are  pulled  out  the  headlights  burn  bright. 
The  taillight  always  is  lighted  regardless  of  whether  the  head- 
lights are  bright  or  dim. 

A  magnete  is  provided  to  také  čare  of  the  ignition,  and  its 
operation  is  controlled  by  an  ignition  switch  on  the  dash. 

Bijur  on  1916  Hupmobile 

A  wiring  diagram  of  the  Bijur  installation  on  the  1916  Hup- 
mobile is  given  in  Fig.  245.  It  is  a  three-unit,  6- volt,  single-wire 
systém  with  the  negatíve  terminál  grounded.  The  output  of  the 
generátor  is  regulated  by  the  third-brush  method,  and  the  elec- 
tromagnetic  cutout  is  located  inside  the  generátor  housing.  The 
starting  motor  is  a  four-pole  series-wound  motor,  connected  di> 
rectly  to  the  engine  by  a  pinion  which  slides  on  the  sqnarc  shaft 
of  the  motor  and  into  gear  with  the  gear  on  the  face  of  the  fly- 
wheel.    This  pinion  is  shifted  by  a  yoke,  which  in  turn  is  oper- 
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ated  by  the  starting  pedál,  which  also  acta  to  close  the  starting 
switch. 

The  lights  are  controlled  by  a  four-position  lighting  switch 
mounted  on  the  cowl  board.  Four  fuses  and  the  resistance  for 
dimming  the  headlamps  are  mounted  on  the  forward  side  of 
thi8  switch. 

An  ignition  switch  on  the  cowl  board  controls  the  ignition, 
which  derives  its  current  Írom  the  storage  battery  or  generátor. 
The  wiring  diagram  of  the  ignition  systém  is  shown  in  Fig.  245. 

Bijur  on  Jeffery  Six 

The  Bijur  systém  on  the  Jeffery  Chesterfield  six  is  a  three-unil;, 
two-wire— except  for  the  headlights — 6-volt  installation  and  a 
complete  wiring  diagram  is  given  in  Fig.  246.  The  output  of 
the  generátor  is  regulated  by  a  constant-voltage  regulátor,  and 
the  current  delivered  by  the  generátor  when  it  is  connected  to 
the  storage  battery  will  depend  on  the  condition  of  chargé  of 
the  battery.  The  lower  the  chargé  in  the  battery,  the  lower  its 
voltage  and,  hence,  the  greater  the  difference  between  the  volt- 
age  of  the  generátor  and  the  voltage  of  the  battery,  which  re- 
sults  in  a  larger  current  being  produced  than  when  the  battery 
is  nearer  full  chargé  and  its  voltage  near  equal  in  value  to  the 
voltage  of  the  generátor.  The  automatic  voltage  regulátor  and 
electromagnetic  cutout  are  housed  in  an  aluminum  box  on  top 
of  the  generátor.  A  special  reversing  plug  is  provided,  by  which 
the  generátor  may  be  disconnected  or  the  connections  to  the 
generátor  reversed. 

Depressing  the  starting  pedál  connects  the  starting  motor  to 
the  engine  by  causing  a  pinion  on  the  square  motor  shaft  to  mesh 
with  a  gear  on  the  ílywheel  of  the  engine  and  also  closes  the 
starting  motor  switch. 

The  out-of-focus  lamps  are  wired  to  use  the  frame  of  the  car 
as  one  side  of  the  circuit.  The  dashiight  is  on  the  taillight  cir- 
euit  and  so  arranged  that  these  two  lamps  are  always  in  opera- 
tion  when  any  combination  of  headlights  is  in  operation. 

The  body  and  chassis  wiring  are  separáte  but  connected  through 
terminál  posts  and  fuse  block  located  on  the  engine  side  of  the 
dash,  which  permits  bodies  being  changed  without  the  necessity 
of  rewiring. 

All  the  lámp  circuits  are  provided  with  separáte  fuses.     A 
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fuse  Í8  located  in  the  ground  circuit  between  the  magneto  tap 
and  the  lighting  switch,  and  this  fuse  will  blow  if  an  accidental 
ground  is  made  on  either  side  of  the  systém.  The  blowing  of  this 
fuse  when  the  lighting  switch  is  in  the  ''off"  position,  shows 
that  the  accidental  ground  causing  this  fuse  to  blow  is  on  the 
positive  side  of  the  systém.  The  blowing  of  this  fuse  when  the 
lighting  switch  is  in  the  **all  bright"  position  or  the  '*ouf.  ríf- 
focus  bright"  position^  shows  that  the  accidental  ground  caui  ng 
the  fuse  to  blow  is  on  the  negative  side  of  the  systém. 

The  ignition  is  taken  čare  of  by  a  magneto  controlled  ;  y  a 
magneto  switch. 


on  the  Scrípps-Booth 

The  Bijur  installation  on  the  Scripps-Booth  light  cars  is  a 
single-unity  single-wire,  12- volt  systém  with  the  positive  side  of 
the  battery  grounded.  A  complete  wiring  diagram  of  the  systém, 
as  used  on  the  íirst  1,100  cars,  is  shown  in  Fig.  247.  The  elec- 
trical  unit  is  chain-driven  from  the  crankshaft  of  the  engine  and 
is,  thcrefore,  in  operation  whenever  the  engine  is  running.  The 
output  of  the  electrical  unit  when  operating  as  a  generátor  is 
regulated  by  a  combination  of  the  third-brush  and  reversed* 
serieš  field  methods. 

A  ewitrh  on  the  dash  controls  the  ignition  and  starting  cir- 
cuit s.  When  this  switch  is  in  the  ''oíf*'  position  the  ignition 
circuit  is  open  and  the  electrical  unit  is  disconnected  from  the  stor- 
age  battery.  When  this  switch  is  thrown  to  the  "on''  position 
the  ignition  circuit  is  closed  and  the  electrical  unit  is  connected 
to  the  storage  battery.  The  electrical  unit  will  draw  current 
from  the  storage  battery  and  act  as  a  motor  until  the  engine 
starts  to  run  under  its  own  power  and  drive  the  electrical  unit, 
which  will  change  to  a  generátor  when  the  voltage  generated 
in  its  armatúre  is  greater  than  the  voltage  of  the  storage  battery. 

Beginning  with  car  1,101  a  three-position  switch  is  used  instead 
of  a  two-position  switch.  A  wiring  diagram  of  this  systém  is 
shown  in  Fig.  248.  With  the  switch  in  the  "off "  position  the 
ignition  circuit  is  opeued,  the  electrical  unit  is  disconnected  from 
the  battery  and  the  field  circuit  of  the  electrical  unit  is  open. 
When  the  switch  is  in  the  "on"  position  all  these  circuits  are 
closed,  and  this  corresponds  to  the  normál  operating  position. 
When  the  switch  is  ia  a  tJiird-position  between  the  "on"  and 
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"oB"  poaitioDB  anc3  marked  "idle"  the  ignition  eircult  íb  closed 
and  the  electrical  unit  ia  disconnected  from  the  battery  and  ita 
Beld  circuit  ia  open.  With  the  switch  in  the  "idle"  position  the 
■torage  battery  neithcr  ehatgea  nor  discbareea.   The  awitch  ahould 
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be  tiimed  to  the  "idle"  position  when  the  car  is  standing  with 
the  engine  running  slowly,  or  when  driving  very  slowly  aa  in 
congested  city  traffic.  A  current  indicator  on  the  dash  shows 
whether  the  battory  is  "floating,"  '*charging"  or  "discharg- 
ing."  A  four-gang  lighting  switch  located  on  the  dash  controla 
all  the  lighting  circuits. 

A  battery  ignition  systém  is  used.     The  internal  connections 
are  plainly  shown  in  Figs.  247  and  248. 


ur  on  1917  Packard  Twin-Six 

A  wiring  diagram  of  the  various  electrical  connections  of  the 
Bijur  systém  on  the  Packard  1917  twin-six  is  given  in  Fig.  249, 
and  a  perspective  view  of  the  complete  electrical  installation  is 
given  in  Fig.  250.  This  is  a  three-unit,  two-wire,  6-;7olt  systém. 
The  output  of  the  generátor  is  regulated  by  a  constant-voltage 
regulátor.  This  regulátor  and  the  automatic  electromagnetic 
cutout  are  inclosed  in  a  box  mounted  on  top  of  the  generátor. 

A  junction  box  is  provided  on  the  front  of  the  dash,  where  all 
the  wires  leading  to  the  different  lights  are  connected.  Fuses 
are  provided  in  all  the  light  circuits  and  also  the  horn  circuit« 
They  are  mounted  in  a  panel  on  the  engine  side  of  the  dash.  The 
lighting  and  ignition  switch  is  of  special  construction  and  ia 
mounted  on  the  steering  column. 

The  ignition  systém,  which  is  made  by  Delco,  is  of  the  battery 
t3rpe,  and  separáte  high-tension  distributors  are  provided  for 
each  cylinder  block.  A  twin  interrupter,  on  top  of  the  distribu- 
tér unit,  completes  the  low-tension  circuit  when  the  intermpter 
points  are  in  contact.  A  separáte  ignition  coil  is  used  for  each 
of   the   intcrrupters. 


ur  on  1918  Packard  Twin-Six 

A  wiring  diagram  of  the  Bijur  electncal  installation  on  tbe 
1918  Packard  Twin-Six  is  given  in  Fig.  251,  and  a  perspective 
view  of  the  complete  installation  is  given  in  Fig.  252.  This  sys- 
tém is  a  two-unit,  single-wire,  6- volt  installation.  The  generál 
layout  of  the  systém  is  the  samé  as  that  used  on  the  1917  ears, 
except  for  the  construction  of  the  ignition  and  lighting  switch. 
1 1  is  mounted  on  the  dash  inatead  of  on  the  steering  colunuu 
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CHAPTER  XXIV 
Remy  Electrical  Systems 

EMY  inatallationa  may  be  made  up  of  separáte  tmits  for 
,  lighting,  etarting  and  ignition  or  these  variaiu  nnita  ma; 
be  eombined  in  differeut  ways,  all  depeading  úpon  the  partieular 
installation.  All  the  different  ayBteniB  emplojing  a  separáte  gen- 
erátor and  motor  are  of  the  6-volt  type  and  may  be  either  aiogle 
or  two-wire.  All  the  motore  are  four-pole  geries-wound.  The 
frameí  of  the  machineH  are  rectangular  or  round,  depending  úpon 
the  model. 
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A  doDble-de«li  Sfatem  mannfactuTetl  by  the  Remy  Elertrif  Co. 
codsíbU  oť  a,  separáte  fccneralor  driven  by  a  ahait  .  extrnding 
froip  the  timinft  f[ear  čase  and  b.  Hci>arate  motor  monnted  dirertly 
al>ove  it.  The  generátor  element  is  a  two-pole  maehine,  and 
the  motOT  element  ia  a  four-pole  seriea  wound  motor.  Tho  motor 
ia  ronnccled  to  the  engino  crankahaft  bj  two  paira  of  apur  reduc- 
tion  gcars.  An  ovcrrunniii^  clutch  is  monnted  in  tbe  large  gear 
on  the  main  ghaft,  and  thía  clulcb  runs  free  when  the  engine  is 
ninnÍD^  under  ita  own  powcr. 

A  comhined  xeneralor  and  motor  unit  having  a  iiugle  armatúre 
was  uscd  oB  tbc   1913   Preniicr   motor  car.     Thia  tmit  is  of  the 


12-voIl  lype,  and  in  aome  cnaea  an  interrupter  aad  dlatribuler  may 
be  added,  thus  combining  tbc  atarliaff,  li^hting  and  ignition  fune- 
lions  all  in  one  machinc.  The  armatúre  of  thia  machine  waa 
r'oniiŕ<'tcd  direetly  to  Ihe  cnginc  crankshaft  withont  any  over- 
ninriing  clutrh  or  aimitar  devire,  aa  the  armatúre  rotates  all  the 
lime  the  engine  ia  in  opcration. 

A  Remy  generátor  wíth  a  magnelo  type  of  breaker  box  mouated 
(in  one  end  an  a  distributér  dircctiy  above  it  ia  ahown  ia  Tig, 
253.     Thia  generátor  ia  a  6'volt  two'pole  ahuot-wound  maehiM, 
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and   its  oatput  íb  regulated   b;  the   third-bniab   method.     Another 
type  of  Remy  generátor  is  shonn  in  ťig.  S54. 

The  moit  recent  type  of  Remy  generátor  ia  b,  6-volt,  two-polo 
machine  whoae  output  is  regulateil  by  tho  third-brnsh  method  in 
combination  with  a,  special  thermostatic  control,  which  will  bo 
described  in  detail  in  one  of  the  following  sectiona.  Two  typea 
of  Berny  starting  motora  are  sbown  in  Figa.  355  and  256. 

RegnUting  Outpnt  of  GencfatMS 

Poor  difFerent  methoda  are  employed  by  the  Berny  eompany  in 
Tcgulating  the  oiitput  of  their  geDeratora,  and  Ihene  mcthods  are: 
Third-bruah  rcgulation. 
El ec t romagn etic  rcgulation. 
Beveraed  aeries  fiold  regulation. 

Combination  of  thinl-bruflh  and  thermostatic  regulation. 

Tbe  third-bruah   method  of  regulaliiig  the  oulput   of  tbe  gen- 

erators  Í8  ueed   on   many   differeut   modfls   of   Remy   gcncTatore, 


CSn — R  t  m  u    utartlng    motor    modrí 


■urh  ae  the  reetangular  generátoru  with  or  without  ignition  heada 
and  the  doublc  derk  reetangular  frame  gcneralor  and  motor. 
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The  eleetromagnetic  regulation  consists  of  an  eleetromagnet, 
usually  carried  in  the  samé  housing  as  the  cutout.  This  electro- 
magnet  operates  so  as  to  intermittently  inaert  a  resistance  in  the 
field  circuit  of  the  generátor  as  the  eurrent  output  of  the  gen- 
erátor increases.  Several  different  types  of  regulátora  háve  been 
in  use,  but  they  all  opera te  on  the  samé  principle. 

One  type  of  regulátor  has  the  cutout  and  regulátor  electro- 
magnets  mounted  in  a  horizontál  position,  while  in  another  type 
they  are  mounted  in  a  vertical  position.  The  operation  and  adjuat- 
ment  of  both  types  is  practically  the  samé.  Some  of  the  more 
recent  regulátora  are  so  constructed  that  the  eurrent  taken  by 
the  lamps  doea  not  pass  through  the  entire  regulátor  winding, 
80  that  when  the  lamps  are  turned  on  the  strength  of  the  eleetro- 
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Fig.  257— Currci  Bhotcing  relation  hrttcren  car  npced  and  generá- 
tor eurrent  with  thermoatat  contact   pointa  olostd  and  open  on 

Berny  generátor 


magnet  of  the  regulátor  in  relation  to  the  output  ia  deereaaed 
and  the  generátor  output  thus  is  increased  to  také  čare  of  the 
additional  lámp  load. 

The  generátor  used  on  the  1913  Premiér  motor  car  waa  a  two- 
pole  compound  wound  machine  with  the  seriea  field  winding  con- 
nected  in  šuch  a  way  that  its  magnet izing  action  waa  oppoaed  to 
the  magnetizing  action  of  the  ahunt  field  winding.  The  connee- 
tiona  of  the  lámp  eircuita  is  auch  that  when  eurrent  ia  being  eop* 
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plied  to  the  lanips  it  passes  through  only  a  part  of  the  serieš 
winding,  which  eauses  the  generátor  to  háve  a  greater  output 
than  i  t  would  háve  if  all  the  corrent  were  going  to  the  storage 
battery. 

Combmecl  Tliiid-Bn»h  and  Tliennoftatic  Regolatíoii 

The  main  regulation  of  the  generátor  is  taken  čare  of  by  the 
third-brush  method.  A  specially  construeted  thermostat  is 
mountcd  inside  the  generátor  housing.  A  resistance  coil  is  con- 
nected  aeross  the  contacts  of  this  thermostat,  and  the  contacts 
normally  áre  closed.  The  terminals  of  the  thermostat  are  con- 
nected  directly  in  serieš  with  the  shunt  fieid  winding  of  the 
generátor,  and  when  the  contacts  of  the  thermostat  are  open 
the  resistance  ÍB  connected  in  serieš  with  the  field  winding.  The 
adjustment  of  the  thermostat  contacts  is  šuch  that  when  the 
temperature  of  the  generátor  has  reached  an  approximate  pre- 
determined  value  the  resistance  is  introduced  in  the  field  eir- 
cuit  and  the  generátor  output  lowered.  Two  curves  showiug  the 
relation  between  output  of  the  generátor  in  amperes  and  speed, 
with  and  without  the  resistance  in  circuit,  are  given  in  Fig. 
257.  The  chief  advantages  of  this  device  are  that  it  gives  a 
iarger  generátor  output  in  cold  weather  when  the  efficiency  of 
the  battery  is  lower  than  in  warm  weather  and  also  a  larger 
output  when  the  car  is  being  driven  intermittently  and  the 
demands  on  the  battery  are  greater,  due  to  the  frequent  use  of 
the  starting  motor. 

Remy  Cutouts 

The  entonts  are  of  the  electromagnetic  type,  with  a  shunt 
and  serieš  winding.  The  construction  of  the  generators  is  šuch 
that  cutout  closes  at  a  rather  low  speed  in  miles  per  hour.  The 
eombined  cutout  and  regulátor  may  be  monnted  on  the  generátor 
or  as  a  separáte  unit  on  the  dash  or  some  better  location. 

Startmg  Motors,  Drtvet  and  Switches 

The  separáte  starting  motora  are  four-pole  series-wonnd 
machinesy  and  may  be  connected  to  the  engine  crankshaft  by  a 
reduction  gearing  and  overruning  clutch,  by  a  speeial  chain  drive 
and  ratchet,  as  used  on  the  Beo  car  or  by  the  Bendiz  drive.  In 
the  čase  of  the  eombined  generátor  and  motor  unit  no  overrunning 
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(ilnteh  of  ftny  kiad  ii  nsed,  but  there  i«  a  definite  c 
between   the   armatnT«  of  the  electrie  uuit  and   the   crankshaft 
oí  the  engine.. 

Two  i;eaer&l  types  of  Htarting  switcheB  Bre  used.  One  of  theae 
is  Ihe  tajiercd  plunger  type,  in  which  Ihe  two  contocts  are  con- 
npcted  together  by  depreasiog  a  plunger  or  pulliag  or  puabiag  a 
rod.  The  other  type  uscb  copper  bands,  which  slide  on  eylindera 
of  inaulating  materiál.     CoDtact  banda  are  mountcd  od  the  cylin- 


Fig.  258 — Wiring   dxapram   of   Rrmy  gmtiniled  ignition  tyšlem 

(lerB   in  siiph   a   ponitŕim   tlint   Ihf   xliilint;  rinjíH   louple   the  eircuit 
belwe«D  tbe  coniaet  bánd*  when  fnlly  depressed. 

Remy  Ignitioii 

Two  typea  of  battery  ignition  ayatfms  are  made  by  the  Bnny 
eoRipony,  the  grounded  and  the  insulalcd.  In  the  grounded  igni- 
tion systém,  Hueh  as  on  tho  Chalmers  model  33,  the  primáry  wind- 
ing  of  Ihe  ignition  coil  íh  grounded,  as  ia  alao  tbe  circuit  brealcer 
arm.  In  the  ioaulated  ignition  systém,  aueh  aa  that  nied  on  the 
Beo,  Velie  and  McLaughlin  motor  ears,  the  eireuit  br«alter  ia 
eonnecled  directiy  acroaa  the  primáry  vdoding  of  tbe  ignition 
eoil,  no  grounil  bcing  uaod.     In  Ihe  Rrounded  ijtnition  Bystem  thft 
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cľit  baae  is  uscd  for  grounding  the  primáry  winding,  and  in  both 
Bystems  the  base  Is  used  for  grounding  one  end  of  tbe  Becondar; 
wmding.  Therefoie,  U  ú  neceasai?  that  the  boM  of  ooU  ehould 
be  elean  and  shoald  make  good  contact. 

A  eondenger  connected  in  ahunt  with  the  breaker  eontacti  on 
■U  eyBtema,  the  object  being  to  reduce  arcÍDg  at  eontaete  and  rai»e 
the  efflciency  of  cue  coil. 

A  reaistHnce  íb  ubc<I  in  serieš  with  the  primáry  winding  of  the 
ignition  coil  on  many  oí  the  equipments,  šuch  aa  on  tbe  Velie, 


iU       iit 

SmKKPLOGS 
rUf.  2Se — Wlnng  (.'ii^xn  o/  JíiMif  JanUalcd  igntllan  ti/ttem 

Chalmers,  elc.  This  resistance  is  mountcd  on  top  of  the  «oil  tnbc, 
its  action  being  to  allon  a  strong  current  to  flow  ŕor  Blartiag  when 
tbe  engine  íb  cold.  Tben  as  the  resislance  heats  up  and  increaaes, 
due  to  heat,  the  current  is  reduced.  Tbis  rcBislance,  though  operat- 
ing  verj  BUCcesafuHy  umter  normál  conditioDB,  ís  likely  to  be 
bumed  out  ií  the  ignition  BWilch  is  forgotlen  aod  leít  od  when 
the  engine  is  not  running.  It  therefore  ia  installed  on  top  of  the 
eoil,  where  it  is  readily  acceesible  for  rcplacement.  The  wiring 
diagram  of  a  grounded  ignition  syatem  ie  shown  in  Fig-  258,  and 
an  insiJated  syatem  is  showtt  in  Fig.  259. 
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Remy  makes  seveTal  diSereiit  tjpes  o  f  magtľíto  ignition  ^ya- 
tľms  in  aililition  to  the  batter^"  ij^itton  Bystems. 

Method*  of  Dirammg  Head  Lislitt 

Three  metfaods  of  dimmiog  the  headlighti  are  nsed  oq  Berny 
eqnipmenta.  Od  the  Beo  the  lamps  are  conneeted  in  parallel  for 
bright  tights  and  in  aeríea  for  dim  lights.  On  the  Velie  aod  othera, 
suziliary  amall  lampa  are  uaed  for  dim  lights.  On  McLaug^lin, 
Oakland  and  othera  a  reaíatbnce  ia  eut  into  the  lamp  círeuit  for 
dimming. 

Remy  on  Oddatíd  34B 

A  iríríng  diagram  of  the  Berny  ínstallation  on  the  Oakland 
34B  is  Bhown  in  Fíg.  260.  It  ia  a  three-anit  aingle-wire  4-volt 
syatem,  with  the  positive  eide  of  the  ayatem  grounded.  The  out- 
put  of  the  generátor  is  regulated  by  a  combin«tion  al  tbe  third- 


bruah  and  thermostalic  methoda.  The  t>1eclromagnetic  cutout  i« 
mounied  on  top  of  the  generátor.  The  ignition  ayslero  is  of  the 
grounded  type,  and  it,  oa  well  as  the  lights,  is  controlled  by  a 
combJDation  ignition  and  lighting  awiteh  mounted  on  the  daah. 
The  hpadU(;hta  arc  dimmed  by  inlrodiiring  n  resialance  in  aeriea 
with  thrm,  the  lampa  thomselvcs  bcing  in  parallel.  An  ammeter 
on  the  daah  indicatea  the  rharge  or  diacharge  eurrent  of  the  bať 
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tery,  ezeept  currcnt  taknt  by  thc  starting  motor.  A  Bendix  drtve 
íb  naed  in  engiging  and  disengsging  tbe  atarting  motor  witb  tha 
enginp  automatically. 
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Remy  Installatkm  on  Velie  28 

A  wirmg  diagram  of  the  Berny  installation  on  the  Velie  28 
ia  shown  in  Fig.  261.  It  is  a  two-unit  single-wire,  6-volt  systém, 
with  the  positive  side  of  the  systém  grounded.  The  output  of 
the  generátor  is  regulated  by  an  electromagnetic  regulátor,  which 
intermittently  introduces  a  rcsistance  in  the  shunt-field  circuit. 
The  combined  regulátor  and  electromagnetic  cutout  is  located  on 
the  generátor,  also  the  ignition  coil  and  ignition  head,  as  shown 
in  Fig.  254.  The  ignition  systém  is  of  the  insulated  type.  It 
is  controlled  by  the  combination  ignition  and  lighting  switch 
mounted  on  the  dash.  The  ignition  switch  reverses  the  direc- 
tion  of  the  current  through  the  breaker  contact  points  each  time 
the  ignition  is  used,  and  in  this  way  increases  their  life.  Two 
sets  of  headlights  are  used.  The  installation  on  the  Velie  ia 
clearly  shown  in  Fig.  262. 

Remy  Installatioii  on  Roo  Model  R 

A  wiring  diagram  showing  the  coniiections  of  the  Remy  equip- 
ment  on  the  Reo  four-cylinder  is  given  in  Fig.  263,  and  a 
perspective  view  of  the  complete  installation  is  shown  in  Fig. 
264.  This  is  a  two-unit,  6-volt,  two-wire  systém.  The  output 
of  the  generátor  is  regulated  by  a  combination  of  the  third-brush 
and  thermostatic  methods.  The  automatic  cutout  or  relay  ic 
mounted  separáte  from  the  generátor,  as  shown  in  the  flguro. 
The  ignition  systém  is  of  the  insulated  type,  and  it  is  controlled 
by  au  igftition  switch  mounted  on  the  dash.  All  t  ho  diflfercnt 
circuits  are  fused  except  the  starting  motor  circuit.  A  pictorial 
wiring  diagram  of  the  installation  is  shown  in  Fig.  265. 

Power  is  transmitted  to  th?  engino  from  the  starting  motor  by 
a  chain  drive  of  Reo  design  and  a  ;.iíehot  engagement  operated 
by  the  starting  pedaL 


CHAPTER  XXV 
Remy  Tractor  System 

THE  Remj  apparatus  ueed  on  tbe  Moline-UDiverBal  D  tractor 
cooaists  of  tbe  governor-generator,  control  box,  ignitioD  dis- 
tributér and  the  starting  motor, 

The  generátor.  Figa.  26SA,  265B  and  265C,  is  fonr-pote  shunt- 
wound.  The  armatúre,  A,  ís  asseiiibled  on  a  steel  shaft  on  wbich 
the  laminated  core  ia  built  up,  then  the  coils  of  iusulated  Tire 
arc  wound  on  it,  and  their  ends  are  aoldered  to  the  bara  of  the 
eommutator,  B.  A  gear  ia  uaed  on  one  end  of  the  ghaft.  C,  which 
engagea  with  the  camahaft  gear,  and  the  ratio  is  euch  that  the 


Fíg.  26SA—mdr   i-ť™  o/  nnterator 
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armaliirc  ia  drivcn  one  snd  a  half  revolutíons  for  cach  rcvolu- 
tjon  of  (hc  cngiuc  crankahaft. 

Tbe  ficlj  frame,  D,  which  haa  four  polca  around  whicli  tho  four 
fieid  coila,  E,  are  placed,  is  aupported  at  tho  drive  end  by  a  bear- 
ing  OQ  the  armatúre 
shaft  in  the  easting, 
F.  It  íb  sufiportpd  at 
tbc  commutator  end 
hy  the  balí  bearíUR 
supporting  the  forg- 
iiiR,  G.  Thii  eeid 
framc  ia  frce  to  turn 
through  an  arc  o  f  30 
degrees.  The  cnntrol 
Icvpr.  H,  ig  altarheil  to 
the  abaft  of  G  and  i; 
linked  to  the  carbu- 
reter  throttte,  which  it 
movee  an  the  generátor 
K  fieId  frame  D  turns. 
A  spriniCi  ^<  '8  pro- 
vidľd,  nhieh  tends  to 
tiirn  tho  lield  frame  iii 
a  ilirťelion  oppoaite  to 
the  armatúre  rotatiOD. 
Tliis  Kovernor  servea 
the  doulile  purjioae  of 
inelosing  the  apring 
and  a  dnjibpot  cvlin- 
der.  The  dashpot  ia  a 
part  of  the  drive  end 
n    m  head  easting  J.     Tbe 

Flg.    írjíd— Bb-I    riríB   of   generaior   on  piston   K,  ivorkinR  up 

dashpot,  servea  to  pre* 
vcnt  Ihe  loo  rnpid  lluctunlion  of  tbe  lield  frame  to  nhieh  it  ia  linked. 
The  äelil  rbeostat,  whii^h  i<i  in  the  cotitrol  \ios,  ia  a  rcBiatanee 
unit.  It  is  eomposťil  of  a  Icngth  of  Oerniau  silver  wire  with  ten 
contaĽts  sa  arraiigeil  tliat  Ľoniiectiuii  iiiny  be  maile  to  any  con- 
tMt  hy  a  niovable  eontact  arm.    Tbe  contact  arm  ia  cUTÍ«d  on 
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a  shaft  cxtcnilei]  throiigh  tlie  íaeo  of  thc  inntrol  box  aml  to  whíeh 
ia  Bllached  the  rheostat  h«nd  wlippl,  alToriling  a  eonveiiient  meth- 
o<l  of  ponlrollÍHg  thp  coutact  arm.  Tlie  tpn  poBÍlioiis  of  tlie  hanil 
whcol  Rhowii  on  the  facp  nf  thp  control  box  Ín<Hea(c  tlie  ten  stepi 
of  resUtance  in  the 
rheostat. 

Position  No.  1  givGB 
a  governcd  e  n  g  i  n  e 
apeed  of  approiimate' 
ly  400  r.p.m.,  whiie 
position  No.  10  gives 
a  (toverncd  e  n  g  i  n  e 
HpcpiJ  of  approiimatc- 
ly  18  r.p.m. 

A  n  y  onginr  speod 
nttained  by  placing 
liiľ  pontroller  on  a 
[jivľii  iiosition  KÍN  be 
riniutaiiiol  Ix'raiisc  if 
tho  ent^ne  apeeda  up, 
íliie  to  a  ileerease  in 
load,  the  magnetic 
pull  of  the  fleld  on  ťhc 
armatúre  ia  increased, 
rausing  the  flcid  frame 
to  turn  and  close  the 
throttW.  But  if  tlip  I 
engine     slows     doivn, 

load,  the  inagnctic 
drag  of  the  fit-ld  on 
armatúre  is  doeren!<ed. 

Bllowing    the    f  i  e  I  d         '■'"■  --^'i^C-ánoI  hcr  iftc  o/  (Äf  floiera- 
...  ,  ,  lor    Uíťa    in    Rema    Irador    aoparalUí, 

frame  to  bo  turiied  by  íA„,riaí  o<»er<Uor  ,pri«a 

the  apring  in  the  direc- 
tion  oppo9Íte  ta  armatúre  rotation,  openiag  the  thrattie. 

The  oil  dashpot  and  piston  prevent  the  spriog  from  opening  the 
Ihrottle  too  quifkly.  The  daahpot  is  exposed  to  the  oil  of  the 
cngine  caae  and,  thereforo,  nceda  no  attention. 

When  tho  throltle  is  opened  the  oil  ia  forced  by  the  piston  from 
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the  dashpot  through  a  by-pass,  L.  The  size  is  controlled  by  an 
adjustable  screw.  M,  with  locknut. 

To  adjust  dashpot  by-pass  valvcj  loosen  locknut,  turn  screw  M 
to  left  four  turnsy  plače  controller  on  position  8,  t  hen  change 
quickly  to  position  I.  If  the  governor  fluctuates  up  and  down, 
tnrn  screw  to  right  until  the  íluctiiation  is  eliminated. 

Do  not  adjust  until  the  engine  is  warm  and  the  carbureter  is 
known  to  be  all  right. 

To  oíl  the  govemoT-generator,  put  four  drops  of  3-in-l  or  cream 
separator  oil  in  the  bal!  oil  hole  O  twice  a  week.  Turn  down  the 
grease  cup  two  turns  a  week.  Too  múch  oil  or  grease  is  bad. 
Do  not  usc  gas  engine  or  farm  machinery  oil  on  electrical  ap- 
paratus. 

A  removable  dust-tight  cover^  Q,  at  the  top  of  the  generátor 
čase  provides  access  to  the  commutator  and  brushes.  Inspection 
of  brushes,  B,  and  commutator,  B,  f  or  dirt  should  be  made  twice 
a  season.  The  commutator  wears  naturally  to  a  brownish  color 
in  normál  use,  but  if  it  appears  black  or  scored,  the  surface  should 
bc-  smoothed  with  a  piece  of  fine  No.  00  sandpaper.  Never  use 
emery  cloth  f  or  this.  Blow  out  all  dust  and  clean  out  all  dust 
between  commutator  bárs.  See  that  the  brushes  swing  freely  on 
their  pivots,  so  that  the  spring  tension  holds  them  in  good  con- 
tact  with  the  commutator. 

To  produce  a  spark  at  the  spark  plug  it  is  necessary  to  close 
and  open  the  battery  circuit  through  the  ignition  coil  each  time, 
and  this  action  is  accomplished  by  the  circuit  breaker.  The  cir- 
cuit breaker  has  two  contact  points,  on  e,  the  contact  screw  f  or 
ndjusting  the  breaker  point  opening,  being  stationary,  while  the 
cther  is  carried  at  the  free  end  of  a  pivoted  arm  called  the  breaker 
lover.  The  four-faced  rotating  steel  ;)iece,  called  the  cam,  has 
nccurately  ground  corners  which  bear  against  the  fiber  block  in 
the  arm  as  the  cam  turns  and  causc  the  contact  points  to  open 
and  close  at  the  proper  time. 

To  adjust  the  contact  points  turn  the  engine  until  the  contact 
points  are  wide  open.  The  gap  then  should  be  0.020  to  0.025  in., 
or  the  thickness  of  the  gage  on  the  side  of  the  wrench  furnished 
for  adjusting  the  contact  point  opening.  If  found  to  be  worn 
nnevenly  or  dirty,  these  may  be  cleaned  by  passing  between 
them  a  fine  fiat  filé  or,  preforably,  a  piece  of  No.  00  sandpaper. 
Do  not  use  emery  cloth. 
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Adjustment  of  the  gap  between  the  contacts  íb  made  by  loosen- 
iog  the  locknut  next  to  the  post  with  the  wrench  furnished,  turn- 
ing  the  adjusting  screw  and  then  locking  the  nut  again.  Do  not 
oil  these  contact  pointa.  Every  week,  however,  a  sligfat  traee  of 
vaseline  placed  on  the  fiber  block  or  on  the  cam  will  keep  the 
cam  Írom  rusting  and  wearing  the  fiber  block. 

Startmg  Motor 

The  starting  motor  is  of  the  four-pole,  series-wonnd  tjrpe  with 
Bcndiz  drive.  The  position  of  the  rocker  ring,  on  which  the 
brushes  are  mounted,  never  ehould  be  changed,  as  the  ring  is  set 
accurately  at  the  faetory. 

Mainlenance  and  Operation 

Do  not  crank  the  tractor  by  hand  with  the  spark  advaneed. 

Keep  out  dirt  when  adjusting  the  breaker  points. 

Avoid  excess  lubrication  on  the  breaker  box — oil  or  carbon  on 
the  breaker  points  will  prevent  a  spark. 

Do  not  play  with  the  generátor.  It  is  tested  thoroughly  and 
its  adjustment  should  not  be  changed. 

If  trouble  is  experienced,  sneh  as  weak  lights,  sluggish  štartér 
or  poor  ignition,  examine  all  terminals  to  see  that  they  are  tight 
and  dean,  especially  the  storage  battery  terminals.  They  should 
be  kept  free  from  all  corrosion. 

Do  not  remove  the  ignition  distributér  from  the  governor-gen- 
erator  housing,  unless  necessary^  because  it  will  change  the  tim- 
ing. 

Do  not  change  the  ignition  timing,  unless  it  is  absolutely  neces- 
sary,  dne  to  having  removed  the  ignition  distributér  or  govemor- 
generátor  from  the  engine. 

Do  not  hold  the  carbureter  throttle  open  and  cause  the  engine 
to  raee  when  the  control  is  on  a  low  point,  as  the  field  then  will 
be  strongy  permitting  the  voltage  and  output  to  run  up  very  high 
and  possibly  bum  the  rheostat  resistance  in  two.  Then  there 
would  be  no  control  of  the  engine  speed,  as  the  field  circuit  would 
be  open  and  no  current  could  be  generated  to  operate  the  gov- 
emor. 

Under  proper  conditions^  the  engine  should  štart  after  1  to  3 
sec.  cranking.  If  i  t  does  not  štart  after  10  to  15  see.  cranking, 
something  is  wrong.  Investigate  before  cranking  further  or  the 
battery  soon  will  become  discharged. 
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If  tbe  Btvter  fails  to  crank  the  eagine,  do  not  blame  the  štart- 
ér, ignition  or  the  carbureter,  but  proceed  os  follows: 

1— Bee  tbat  the  batterj  terminals  are  clean  and  that  all  eoa- 
nections  in  the  starting  circuit  aie  tight,  espceiallr  the  itarter 
lead  where  it  is  soldered  ioto  the  terininal  that  coDnecta  it  to  tlie 
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battery.    If  you  are  able  to  twist  the  wire  in  the  terminál,  it 
shoald  be  re-soldered. 

Note  if  a  flash  oecors  at  the  atarter  switch  contaets  when  releas- 
ing  the  switch. 

a — If  it  does  not,  or  is  very  weak — ^that  Í8  evidenee  of  a 
very  weak  báttery  or  poor  connections. 

b — ^If  a  good  flash  occurs  and  the  štartér  does  not  tam  the 
engine,  remove  the  commutator  cover  and  see  if  the  arma- 
túre is  free  to  turn  with  your  finger. 

e — If  it  is  and  the  armatúre  tums  when  the  switch  is  closed, 
the  tronble  is,  no  deubt,  due  to  heavy  grease  on  the  Bendix 
serew  shaft,  which  prevents  the  pinion  from  going  into  mesh 
with  the  teeth  in  the  flywheel. 

d — The  štartér  is  not  intended  to  crank  the  engine  with- 
out  first  gathering  a  little  momentum  made  possible  by  the 
time*  required  f  or  the  pinion  to  travel  into  mesh  with  the 
flywheel  gear  teeth.  Theref ore,  if  you  close  the  štartér  switch 
momentarily  and  the  štartér  does  not  háve  time  to  turn  one 
cylinder  pást  compression^  the  Bendix  pinion  will  very  likely 
stay  in  mesh  with  the  flywheel  gear  and  the  nezt  time  you 
try  to  use  the  štartér,  it  will  be  trying  to  štart  with  a  dead 
load. 

You  would  not  think  of  starting  the  engine  with  the  tractor 
in  gear  and  the  clutch  connectcd,  as  the  load  would  be  too 
great.  Therefore,  do  not  try  to  štart  the  engine  with  the 
Bendix  pinion  in  mesh. 

e — If  the  battery  is  nearly  discharged  and  the  lights  are 
turned  on,  they  will  be  dim  when  the  štartér  switch  is  closed. 
The  lights  will  also  be  dim  if  you  try  to  use  the  štartér 
when  the  Bendix  pinion  is  standing  in  mesh  with  the  fljrwheel 
gear. 

If  the  battery  is  so  low  there  is  not  enough  current  f  or  ignition 
to  štart  the  engine,  then  proeeed  as  foUows: 

I — Bemove  the  line  wire  from  terminál  L  under  the  generátor 
cover  and  be  súre  the  terminál  does  not  touch  any  metal,  thereby 
causing  a  ground. 

2 — Plače  the  control  on  point  5  or  6. 

3 — ^Tum  the  ignition  key  to  '^on"  position  for  daylight  nm« 
ning. 

i — ^Do  not  use  the  štartér,  but  crank  the  engine  by  hand  and  do 
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so  as  8oon  as  possible  after  turning  the  switch  on.    If  there  is  no 
trouble  other  than  a  low  battery,  the  engine  will  štart  and  run 
slowly  until  the  line  wire  is  replaced  on  terminál  h,  unless  the 
batterj  is  completely  discfaarged,  in  which  čase: 
a — Túru  the  switch  to  *'oflf.'' 

b— Bepace  the  line  wire  on  terminál  L  under  the  generátor 
cover. 

c — Connect  three  to  five  cells^  depending  úpon  their  condi- 
tion,  in  parallel  with  the  ignition  circuit  Írom  the  terminál 
marked  ' '  switch  * '  on  top  of  the  ignition  coil  to  a  convenient 
ground,  prefcrably  the  circuit  breaker  control  lever. 
d — Crank  the  eňgine  bj  hand. 
5 — Aa  soon  as  the  engine  starts,  turn  the  ignition  key  to  "on" 
position  and  after  the  engine  runs  a  few  seconds,  disconnect  the 
drj  cellSy  as  the  generátor  will  furnish  enough  current  for  igni- 
tion and  for  charging  the  storage  battery. 

6— After  having  to  crank  the  engine  by  hand,  the  engine  should 
be  run  for  about  half  an  hour  at  a  speed  of  approximately  675 
r.p.m.  to  put  a  little  life  into  the  storage  battery  before  trying 
to  do  actual  work. 

So  long  as  you  get  good  ignition  and  good  goveming,  you  can 
rest  assured  the  battery  is  being  charged,  as  it  is  the  charging  that 
does  the  governing.  t 

Rechargmg  fhe  Battery 

To  recharge  the  battery  quickly,  without  removing  it  from  the 
tractor  or  running  the  engine  fast,  proceed  as  foUows: 

1 — ^Place  the  control  on  point  1. 

2 — Turn  the  carbureter  valve  stop  screw  one  full  turn  to  the 
ríght. 

a — The  engine  will  t  hen  run  approximately  675  r.p.m.  and 
should  be  charging  the  battery  at  about  6.5  amp. 

b — ^The  generátor  should  not  be  run  for  even  an  hour  with 

an  output  greater  than  8  amp. 

Bunning  the  engine  as  suggosted  above  for  2  or  3  hour  s  should 

bríng  the  battery  up  to  a  point  where  it  would  operate  the  štartér, 

unless  i  t  had  been  completely  discharged,  in  which  čase  6  hours,  or 

longer,  may  be  required. 

A  loose  connection  anywhere  in  the  line  or  a  corroded  battery 
terminál  very  likely  will  prevent   recharginj;   of   the  battery   and 
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canse  orerheating  of  generátor  and  possible  damage,  in  which 
čase  it  will  Boon  become  discharged. 

After  recharging  the  battery,  be  súre  to  return  tke  ncrew  to 
originál  position  to  avoid  injuring  the  storage  battery  or  other 
equipment. 

The  ball  joints  in  the  linkage  between  the  carbureter  and  the 
governor  lever  should  work  freely.  Therefore,  they  should  be  kept 
dean  and  be  oiled  often  to  prevent  rusting. 

Tettmg  the  Generátor 

To  test  the  generátor^  put  an  ammeter  in  serieš  with  the  battery 
by  disconnecting  the  line  wire  from  terminál  L  under  the  gen- 
era!:or  cover  and  connecting  it  to  one  side  of  an  ammeter.  Then 
run  a  wire  from  the  other  side  of  the  ammeter  to  terminál  L. 

If  after  making  these  connections  the  ammeter  hand  shows 
eharge  with  the  switch  on  and  the  engine  not  running,  you  will 
know  that  the  wires  on  the  ammeter  should  be  reversed. 

If  the  ammeter  does  not  show  a  discharge  of  about  15  to  20 
amp.  when  the  engine  Í8  not  running  and  the  switch  is  turned  to 
**on"  or  *'run**  with  the  eontrol  on  point  1,  look  f  or  the  follow- 
ing: 

1 — A  weak  storage  battery. 
'     2 — A  corroded  storage  battery  terminál. 

3 — ^A  ground  or  short-circnit  in  the  starting  motor  switch  or 
somewhere  in  the  wiring  between  the  ammeter  and  the  storage 
battery. 

4 — ^A  poor  ground  or  poor  connection  between  the  eontrol  box 
and  the  tractor  frame  or  in  the  wiring. 

5 — ^Poor  contact  between  the  eontrol  handle  and  the  eontrol 
box  or  the  contact  spring  and  the  contacts  to  which  the  rheostat 
redstanee  is  connected. 

6 — ^Loose  or  dirty  connections  at  the  terminál  posts  in  the  eon- 
trol box,  starting  motor  switch,  under  the  generátor  cover  or  wherc 
the  wire  is  soldered  to  a  terminál. 

7 — If  all  but  a  few  strands  of  the  wire  are  broken  off  at  the 
terminál,  a  new  connection  should  be  made  and  soldered. 

8 — Sometimes  all  or  most  of  the  strands  of  wire  are  broken  in- 
side  of  the  in8ulat«r)n  at  a  point  where  the  wire  is  subject  to  múch 
movement.  This  condition  can  usually  be  determined  by  feelin^ 
the  wire.    In  šuch  cases,  the  wire  should  be  cut  at  the  point 
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it  is  bad,  eleaned  well,  twisted  together,  soldered  and  taped  well 
or  a  new  piece  of  wire  used  witb  terminál  properly  resoldered. 

9 — A  poor  contact  in  the  combination  lighting  and  ignitioa 
switch.  lí  the  diflcharge  rate  is  mucb  more  tban  20  amp.,  look  f  or 
tbe  following: 

a — ^Broken  down  insulation  at  terminál  post  "L/'  due  to  a 
eraek   in  tbe  insulation,  dirt  or  the  insulating  bushing 
being  out  of  plače,  causing  a  sbort  circuit. 
b— Line,  insnlated   brush  or  leads  connected  to  it  may  be 

shorted. 
e — Grounded  or  shorted  field. 
If  the  discharge  rate  does  not  decrease  as  the  eontrol  ia  tnrned 
toward  point  * '  Fast ' '  and  stands  at  about  15  to  20  amp.,  yoa  can 
be  súre  that  the  trouble  is  due  to  short-eircuit  somewfaere  between 
tbe  field  winding  where  it  is  connected  to  post  F  under  the  generá- 
tor cover  and  post  F  inaide  of  the  eontrol  boz. 
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CHAPTER  XXVI 

Simms-Hufí  Electrical  Systems 

TH£  Simms-Huff  electrie  starting  and  lighting  systems  used  on 
1915,  1916  and  1917  motor  cars  are  two-unH  systems  in 
which  tbe  starting  motor  and  generátor  are  combined  in  a  single 
machine.  This  electrical  unit  usually  is  mounted  on  the  left  side 
of  the  engine.  It  ia  connected  mechanicallj  to  the  engine  by  a 
sliding  pinion  when  it  is  operating  as  a  starting  motor  and  driven 
by  a  belt  from  the  engine  when  it  is  operating  as  a  generátor. 
The  electrical  unit  is  a  siz-pole  machine^  and  a  sbunt  winding  ia 
provided  on  all  six  poles  and  a  serieš  winding  on  three  of  tho 
poles.  The  battery  used  with  these  systems  consists  of  two 
sections,  and  each  of  these  sections  is  made  up  of  three  cells  in 
serieš.  The  two  sections  of  the  battery  are  connected  in  serieš 
by  a  special  starting  switch  when  the  electrical  unit  is  operating 
as  a  motor  and  in  parallel  when  the  starting  switch  is  in  its 
normál  position.  When  the  electrical  unit  is  operating  as  a 
motor,  the  shunt  and  serieš  fields  assist  each  other  in  producing 
turning  effort  and  thus  increase  the  torque  of  the  motor.  When 
the  electrical  unit  is  operating  as  a  generátor  the  shunt  and  serieš 
fields  are  opposed  to  each  other  in  their  magnetizing  actions,  and 
the  output  is  not  ezcessive  at  the  higher  speeds. 

The  systems  all  are  of  the  grounded,  or  single- wire,  type  with 
the  negatíve  terminál  grounded.  The  regulation  of  the  gen- 
erátor output  is  by  a  reversed  serieš  field  in  combination  with 
a  regulátor  of  the  constant-voltage  type.  The  regulátor  is  com- 
bined with  the  cutout  and  mounted  under  the  left  front  seat  on 
1915  cars.  On  1916  and  later  cars  the  combined  cutout  and 
regulátor  is  carried  on  a  cowlboard  panel,  together  with  the 
lighting  and  ignition  switch,  the  ammeter  and  the  fuse  panel. 
The  equipment  on  the  1917  motor  cars  differs  very  little  from 
the  equipment  found  on  the  1916  cars.     A  current  indicator  is 
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used  instead  of  an  amxneter,  and  the  arrangement  of  tfae  fuses  is 
Bomewhat  diffcront. 

The  earlier  1917  cars  uscd  magncto  ignition,  while  the  later 
1917  and  1918  cars  use  the  Atwater  Kont  ignition  systém.  The 
various  parts  of  the  niagneto  and  Atwater  Kont  Sgnition  systems 
are  shown  in  Figs.  266  and  267. 

The  eutout  is  of  the  electromagnetic  type,  and  the  circuit  of 
the  shunt  winding  is  opened  at  the  starting  switeh  when  the 
štart  ing  switeh  is  closed  f  or  motor  action  so  as  to  prevent  the 
winding  from  being  connected  to  the  12-volt  battery. 

Snnms-HuflF  for  1918 

The  Simms-Huff  electrical  equipment  on  1918  cars  is  a  single- 
voltage  systém,  the  battery  bcing  composed  of  six  cells  in  serieš 
and  having  the  negatíve  terminál  grounded.  The  starting  motor 
and  generátor  actions  are  performed  by  the  samé  electrical 
uuit,  and  the  construction  and  rcgulation  of  the  output  of  this 
unit  is  practically  the  samé  as  the  one  used  on  the  1915,  1916 
and  1917  cars.  The  starting  switeh  is  very  múch  simplifíed,  and 
it  has  only  two  contacts.  The  starting  switeh  is  operated  by  a 
pedál  which  also  serves  to  throw  the  starting  gears  into  mesh. 

A  very  unusual* feature  of  this  starting  switeh  is  a  special  lock 
operated  by  an  electromagnet.  The  operation  of  this  lock  is 
šuch  that  it  prevents  the  starting  switeh  from  being  closed  and, 
hence,  also  prevents  the  starting  gears  from  being  thrown  into 
mesh  while  the  engine  is  running.  This  special  lock  consists  of 
a  solenoid  mounted  on  the  forward  end  of  the  switeh.  The 
solenoid  has  a  movable  core  and  is  held  against  the  rod  which 
carries  the  starting  switeh  contact  picce  by  a  spring.  A  notch 
is  cut  in  the  rod,  and  the  end  of  the  core  of  the  solenoid  fits 
in  the  notch  and  thus  prevents  any  motion  of  the  rod  and^  hence, 
holds  the  switeh  open.  The  circuit  through  the  solenoid,  in  start- 
ing, is  completed  by  pressing  a  button  on  the  heelboard  beside 
the  driver,  which  draws  the  core  away  from  the  rod  and  allows 
the  starting  switeh  to  be  closed  and  the  starting  gears  to  be 
mesfaed. 

The  winding  of  the  solenoid  is  short-circuited  when  the  eutout 
closes,  and  it  is  impossible  to  operate  the  starting  switeh  after 
it  is  released.  It  is  impossible  to  operate  the  solenoid  even  if 
the  eutout  opens  and  the  engine  continues  to  run,  as  the  voltage 
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applied  to  the  solenoid  winding  when  the  cutout  is  open  is  the 
diffcrence  between  the  battery  voltage  and  the  voltage  generated 
in  the  armatúre  of  the  electrical  unit,  which  is  usually  too  small 
to  energize  the  solenoid. 


Instellalum  on  1917  MazweD 

A  two-nnit,  flingle-wiroj  6-  and  12-volt  systém  is  used  on  the 
1917  Maxwell.  A  wiring  diagram  showing  all  the  various  in- 
terná] connections  is  given  in  Fig.  267.  The  ignition,  starting, 
and  charging  circuits  may  be  traced  by  following  this  diagram. 

By  inserting  the  ignition  key  in  the  lighting  and  ignition 
switch  the  ignition  circuit  is  closed.  The  ignition  primáry 
cnrrent  for  starting  the  engine  is  supplied  by  both  halves  of 
the  storage  battery,  connected  in  parallel,  and  is  delivered  to  the 
ignition  switch  from  terminál  No.  6  on  starting  switch  to  No.  6, 

on  the  fuse  block,  the  remainder  of  the  primáry  eircoit  being  M 
foUows: 

From  terminál  No.  6,  on  fuse  block  to  terminál  No.  5  on  ths 
fuse  block,  to  point  A  on  the  back  of  the  lighting  switch,  from 
point  A  to  point  H  on  the  back  of  the  lighting  switch  through  the 
ignition  switch  contact  spring  to  point  K  on  the  back  of  the  light- 
ing  switch  and  to  terminál  No.  1,  on  the  fuse  block;  from  terminál 
No.  1  on  the  fuse  block,  through  the  circuit  No.  1  to  the  terminál 
No.  1,  on  top  of  the  induction  coil,  through  the  primáry  winding 
of  the  induction  coil  to  point  No.  16  on  the  coil,  to  terminál  No. 

16  on  the  condenser  cover  at  the  timer. 

From  terminál  No.  16  on  the  condenser  cover  the  current  ílows 
through  the  condenser  cover — shown  in  outline — ^to  the  timer 
breaker  points,  and  from  the  timer  breakor  points  to  point  No. 

17  on  the  timer,  the  contact  breaker  spring  serving  as  the  con- 
ductor.  Point  No.  17  on  the  timer  to  point  No.  17  at  the  base 
of  the  induction  coil  and  ground  completes  the  circuit.  Under 
running  conditions,  when  the  speed  of  the  generátor  is  šuch  tbat 
the  voltage  generated  closes  the  cutout  points  for  charging  the 
storage  battery,  the  ignition  primáry  current  is  supplied  directly 
from  the  generátor  to  terminál  No.  2,  on  the  fuse  block  across  the 
cutout  points  through  the  regulátor  to  terminál  No.  6,  on  the  fuse 
block  from  which  point  the  circuit  is  the  samé  as  under  starting 
conditions. 
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A  condenser  ia  connected  directly  across  the  breaker  points, 
and  while  no  steady  current  fiows  through  it^  it  is  an  absolute 
necessity  to  get  the  proper  performance  of  the  induction  coil. 

At  the  instant  the  timer  breaker  points  separáte  a  high-tensien 
current  is  induced  in  the  secondary  winding.  Thia  high-tension 
current  leaves  the  induction  coil  at  terminál  No.  18. 

The  high-tension  current  circuit  can  be  traced  from  terminál 
No.  18  on  the  induction  coil  to  the  center  terminál  No.  18  on  the 
distributér  cover,  where  it  is  distributed  to  the  separáte  spark 
pIugB,  across  the  spark  plug  gap  to  the  ground  and  thence  back 
to  the  secondary  winding. 

Under  starting  conditions  the  starting  switch  plunger  is  moved 
forward  and  completes  the  circuit  between  12  and  13  and  be* 
tween  11  and  10,  the  samé  movement  meshing  the  štartér  pinion 
with  the  flywheel  teeth.  The  path  of  the  current  will  thcn  be 
as  follows:  Starting  at  the  storage  battery,  from  terminál  12  to 
terminál  12  on  the  starting  switch;  from  12  to  13  through  the 
starting  swich  contacts;  from  13  on  the  starting  switch  to  13 
on  the  storage  battery;  through  the  storage  battery  to  10;  from 
10  on  the  storage  battery  to  10  on  the  starting  switch;  from  10 
to  11  through  the  starting  switch  contacts;  from  11  on  the  start- 
ing switch  to  11  on  the  electrical  unit,  that  is,  terminál  marked 
+  ;  from  +  terminál  on  the  electrical  unit  to  brushes  2,  4  and  6; 
through  the  armatúre  windings  to  brushes  1,  3  and  5;  through 
the  serieš  windings  on  the  respective  pole  pieces  to  the  ground. 

The  windings  on  the  six  shunt  coils  pick  up  current  as  follows: 
Starting  at  the  -f  terminál  on  the  electrical  unit,  through  cir- 
cuit No,  2  to  No.  2  -j-  terminál  on  the  fuse  block;  from  there 
through  the  regulátor  arm,  and  across  the  regulátor  points,  which 
at  this  time  make  a  full  contact;  and  back  to  íield  terminál  No. 
3  on  the  fuse  block.  From  there  following  circuit  No.  3  back  to 
the  terminál  No.  3  on  the  electrical  unit  frame.  From  this  point 
through  the  six  shunt  coils  to  ground  on  the  pole  piece  No.  3. 
The  return  circuit  is  from  ground  No.  15  on  the  frame  to  terminál 
No.  15  on  the  storage  battery. 

On  releasing  the  starting  pedál  the  starting  switch  plunger 
comes  all  the  way  back  and  makes  connection  between  13  and 
14  and  10  and  6  on  the  starting  switch.  In  the  meantime  the 
terminál  voltage  of  the  generátor  has  built  up  and  the  shunt 
winding    of    the    cutout    and    regulátor    has    become    energized 
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tbrough  cirouit  No.  2  from  the  generátor  positive  to  tbe  f use  block, 
No.  2,  and  through  the  shunt  winding  to  terminál  No.  9.  From 
bere  the  current  paeses  to  terminál  No.  9  on  tbe  regulátor  ahunt 
contact,  which  is  a  grounded  connection.  In  tbe  starting  position 
thi8  ground  contact,  No.  9,  is  broken  ao  that  the  regulátor  will  not 
become  energized  ať  the  point  of  starting.  Aa  soon  as  tbe  voltage 
reaches  a  predetermined  point,  tbe  magnetizing  action  of  the  shunt 
winding  will  cause  the  cutout  pointa  to  close  and  the  panel  in- 
dicator  to  show  ''Chargé." 

The  charging  circuit  will  tben  be  as  foUows:  Starting  at  the 
4.  terminál  on  tbe  electrical  unit,  follow  circuit  No.  2  to  No.  2 
yn  the  fuse  block,  from  tbere  tbrough  the  cutout  arm,  across  the 
cutout  pointa,  through  the  serieš  winding  of  tbe  relay  to  terminál 
No.  6,  on  tbe  fuse  block.  From  this  point  follow  circuit  No.  6 
to  terminál  No.  6  on  tbe  starting  switch,  through  the  switcb  con- 
tact and  No.  IC  to  No.  10  on  tbe  storage  batterj,  through  the 
storage  battery  to  No.  13  to  No.  13  on  the  starting  switch,  through 
contact  to  No.  14,  which  is  grounded.  At  tbe  samé  time  follow 
circuit  No.  6  tbrough  the  permanent  connection  to  No.  12  on  the 
starting  switcb,  thence  to  No.  12  on  the  storage  battery,  through 
the  battery  and  No.  15  to  No.  15  on  tbe  frame,  which  is  grounded. 
Grounded  connections  No.  14  and  No.  15  complete  the  circuit  to 
tbe  motor  generátor  frame. 

Begulation  is  accomplisbed  by  tbe  vibrátor  points  of  tbe  regu- 
látor alternately  cutting  in  and  short-circuiting  the  field  resiatanee 
on  tbe  dash  panel.  With  regulátor  points  closed,  the  íield  circuit 
of  tbe  generátor  is  from  terminál  No.  2,  on  tbe  fuse  block,  tbrough 
the  regulátor  arm;  across  tbe  points  to  terminál  No.  3,  on  the  fuse 
block.  From  bere  folow  circuit  No.  3  to  No.  3  on  the  electrical 
unit;  through  the  shunt  windings  to  ground  on  pole  piece  No.  3. 
With  the  regulátor  points  open  tbe  field  circuit  is  from  terminál 
No.  2,  on  tbe  fuse  block  through  tbe  field  resistance  to  terminál 
No.  3,  on  the  fuse  block  and  foUows  circuit  No.  3  as  before. 

The  lighting  circuits  raay  be  traced  by   reference  to  Fig.   268. 

Tbe  lighting  switcb  spider  is  sbown  in  tbe  off  position  in  Fig. 
267  with  spider  arm  N  in  contact  with  point  A  on  the  back  of  the 
licrhting  switch  and  with  arms,  B.  C»  D  and  E  free.  The  lighting 
switch  spider  in  the  complete  dash  panel  of  the  diagram  above  is 
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in  the  dim  position.  In  this  position,  spider  arm  fi  Í8  in  eontact 
with  point  A,  arm  E  is  in  eontact  with  point  F,  and  arms  C,  D 
and  N  are  ťree. 

When  tbe  generátor  is  not  charging  the  storage  battery,  current 
Í8  Biipplíed  to  the  lightiug  and  horn  circuits  by  the  storage  battery 
and  is  delivered  to  the  switeh  panel  from  terminál  No.  6  on  the 
Btarting  switch  to  terminál  No.  6,  on  the  fuse  block  through  the 
bus  bar  to  terminál  No.  5.  AVhen  the  generátor  is  cliarging  the 
battcry,  current  is  supplied  hy  the  generátor  to  terminál  No.  2,  on 
the  fuse  block^  across  cutout  points,  through  the  serieš  coil  of  the 
regulátor  to  terminál  No.  6,  on  the  fuse  block  and  as  before  U> 
terminál  No.  5. 

The  lighting  circuit  with  the  spider  in  dim  position  is  from 
terminál  No.  5,  to  point  A  on  the  lighting  switoh,  through  spidt^r 
arms  B  and  Ľ  tu  poíut  F  on  the  lighting  switch.  The  headlight 
circuit  is  then  from  point  ľ  on  the  lighting  switch  through  the 
headlight  dimmer  coil  to  point  G  on  the  lighting  switch,  to  the 
center  of  the  bus  bar  connecting  the  right  and  left  headlight  fuae 
clips,  through  the  fuses  to  terminals  No.  4  and  No.  7,  right  and 
left  hendlights,  respectively,  through  circuits  No.  4  and  No.  7  to 
right  nnd  left  headlamps,  respectively,  and  to  ground.  The  tail 
lámp  circuit  is  from  the  point  F  on  the  lighting  switch  to  the  tail 
lámp  fuse,  through  the  fuse  to  terminál  Xo.  8,  on  the  fuse  block, 
from  terminál  No.  8  on  the  fuse  block  to  the  dash  lámp  and  ground, 
also  through  circuit  No.  8  to  the  tail  lámp  and  ground. 

The  portion  of  the  panel  shown  to  the  right  of  the  complete 
panel  shows  the  spider  in  the  on  position.  The  spider  arm  C 
Í8  in  eontact  with  point  A^  arm  N  in  eontact  with  point  G  and 
arm  D  in  eontact  with  point  F,  arms  B  and  E  being  free. 

The  lighting  circuit  is  now  from  terminál  No.  5,  on  the  fuM 
block  to  point  A,  through  the  spider  arm  C*  as  before.  Headlight 
current  follows  the  circuit  through  spider  arm  N  to  point  G  and  to 
headlíghts  from  point  G  as  before.  Tail  light  current  follows  the 
circuit  through  the  spider  arm  D  to  point  F  and  to  tail  and  daäh 
lamps  as  before. 

The  electric  horn  circuit  is  as  follows:  Starting  at  term- 
inál No.  6,  follow  the  bus  bar  to  terminál  No.  5,  through  cir- 
cuit   No.    5    to   horn    button    and    to    tbe    insulated    terminál    ob 
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the  horu,   tbrough   the   magDCt  windiog  of  the  IioTa   acrose   tb« 
eontaet  pointa  to  ground   and   tbenee  to  tbe   storage   batterj. 

A  perapective  view  of  the  electrical  installatioD  is  ahown  io 
Fig.  2W  and  a  aímplified  wiring  diagram  is  ahown  in  Fig.  £70. 
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Ignition  on  1917  Maxwdl 

A  diagram  of  thc  Ignition  systém  nsed  on  the  1917  HKxwell 
cars  ía  ahown  in  Pig.  271.  The  eireuit  diagrama  are  ehowD  in 
Figa.  267  and  268.  A  diagram  oí  tbe  magneto  ayatem  uaed  on 
eatlier  modela  is  sbown  in  Fíg.  272. 

Tbe  higb-tension  current  for  ignition  ia  produeed  bjr  the  ac- 
tion  of  a  non-vibrating  coil  on  the  low-tenaion  current  delivered 
bj  the  generátor  under  running  conditions  and  bj  the  atorage 
batterj  under  starting  iľonJitiona.  The  low-tenaion  current  ia 
delivered  through  the  atarting  and  ignition  switches  to  the  top 
of  the  induction  coil,  which  íb  loeated  on  the  baae  of  the  ignition 
unit. 

The    higb-tension    current    is    dístributed    to    th«    reipective 


Fig.  271 — Wíring  diagram  af  Aticatrr  Kcnt  IpRlflon  «v*lem  O" 
the  MaxiaeU 

cylindcrs  by  au  Atwater  Kent  ignition  unit  loeated  on  the  right 
eide  of  the  engine  and  driven  by  the  engine  timing  geari.  The 
distributér  block  wbieh  fits  over  the  end  of  the  timer  shaft  de- 
Jivers  tbe  bigh-tensiou  current  to  the  braas  segmenta,  which  are 
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pernianeiitl]'  embeddeá  in  the  distributér  eover,  then  throngh 
the  high'tenBion  wirei  to  the  apark  pluga.  The  distributér  btock 
just  cleara  tfae  distributér  segments  without  actuBUf  touch- 
in  g  them. 

'Wheii  Btarting  the  engine  the  spark  should  be  fully  retarded 
to  eliminate  the  possibílity  of  backQring.  At  médium  or  high 
■peed  the  beat  resulta  are  obtained  with  the  apark  partl^  or 
fullj  advaneed. 

Never  uuder  anj  eondition  leave  tbe  awiteb  kej'  in  the  switcii 
wheo  the  engíDS  is  not  ranaing  aa  tbe  atorage  battery  wlll  dia- 

The  ignitioa  ia  properlj  timed  to  tbc  eraokabaft  when  the  car 
leaves  the  factory,  and  unleaa  tbe  ignition  uoit,  driveahaft  coup- 


lings  or  timer  drive  gear  haa  been  removed  from  the  en  gine,  thera 
should  be  no  necessity  to  retime  the  ignilion.  However,  if  tba 
ignition  driving  mechaniani  has  beea  removed  or  diaturbed  for 
any   reaaon,  exercise  care  in  replacing  all  part*  bo  removed  or 
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disturbed.  On  the  rear  end  of  the  timer  driveshaft  will  be  foand 
a  punch  mark.  This  punch  mark  and  the  slot  in  the  timer  drive- 
shaft coupling  should  be  assembled  in  line  and  on  the  samé  side 
of  the  driveshaft  center.  The  timer  drive  gear  and  camshaf t  gear 
are  pnnch-marked  with  a  double  mark  on  the  tooth  of  the  former 
and  between  the  teeth  of  the  latter,  and  in  assembling  gears  these 
doable  marks  should  be  togetber  while  single  marks  on  the  crank- 
Bhaft  gear  and  camshaft  gear  are  together.  When  the  gears  are 
80  assembled.  No.  1  piston  should  be  in  firing  position  and  the 
slot  in  the  timer  driveshaft  half  of  the  coupling  should  be  up. 

In  connecting  the  ignition  unit  to  the  timer  driveshaft  coupling 
the  foUowing  applies  when  timer  drive  gear^  shaft  and  shaft 
coupling  are  assembled  properly.  If  the  coupling  has  not  been 
loosened  on  the  timer  coupling  shaft,  turn  the  crankshaft  with  the 
hand  crank  unti^  No.  1  piston  is  ^  in.  pást  top  dead  center,  or 
l\i  in.  pást  on  the  íiywheel,  on  compression  or  firing  stroke. 
Bemove  the  distributér  cover,  which  is  held  in  plače  by  two  spring 
clips,  and  turn  the  timer  coupling  shaft  until  the  distributér  arm 
is  brought  into  position  opposite  No.  1  segment  in  the  distributér 
cover.  The  front  right  terminál  on  the  distributér  cover  is  No.  1. 
Turn  the  timer  coupling  shaft  to  the  right  or  left  until  the 
coupling  pin  is  in  a  position  to  engage  in  the  driveshaft  coupling 
notch.  With  the  timer  in  this  position  couple  it  to  the  engine, 
bolt  to  bracket  and  connect  the  termnals  in  the  propcr  firing 
order  of  the  engine,  namely,  from  left  to  right,  or  clockwise, 
1.3-4-2. 

If  the  coupling  has  been  loosened  on  the  timer  coupling  shaft, 
plače  No.  1  piston  and  distributér  arm  in  position  as  explainc<l. 
Retard  the  breakcr  and  turn  the  timer  coupling  shaft  by  tho 
knuried  collar  until  the  platinum  points  just  break,  or  in  other 
words,  just  separáte.  Hold  the  coupling  shaft  in  this  position, 
turn  the  coupling  on  the  shaft  until  the  coupling  pin  is  opposite 
the  notch  in  the  driveshaft  half  of  the  coupling  and  tighten  the 
coupling  clamp  screw.  Couple  the  timer  to  the  engine  and  con- 
nect the  terminals  as  previously  ezplained.  Exercise  čare  in  con- 
necting the  terminals.  Be  súre  that  they  are  tight  and  secure,  and 
do  not  allow  any  of  the  high-tension  cables  to  rub  or  chafe  on 
any  metallic  part  of  the  engine  or  ear. 


CHAPTER  XXVn 

Westinghouse  Electrical  Systems 

NTJMEBOUS  different  lypes  of  etct^trical  equipment  for  the 
motor  car  m&Dufactuip<l  by  the  Westinghouse  Ľteclrie  k 
Mfg.  Co.  aie  in  uae.  Id  tlie  majority  of  tlicse  installatione  the 
singte-wire  systém  is  uscd,  and  tlie  positive  side  of  llie  systém  ii 
grounded  in  practically  all  eases,  if  the  systém  is  grounded  &t 
all.  In  BODte  systcms  th«  generátor  and  molor  actions  are  com- 
bined  in  a  single  machine,  whilc  in  the  majority  of  casea  they 
are  taken  čare  of  by  separáte  maebincs.  The  systems  in  which 
the  generátor  and  motor  actions  are  combined  in  a  single  machine 
are  the  12-volt  type,  and  in  the  majority  of  ca^ies  llic  two-  and 
tbree-unit  systems  are  of  tlio  6-volt  type.  In  somo  cascs  the 
ignition  is  combined  with  the  generátor,  am)  in  sonie  it  is  taken 
eare  of  separalely. 

The   starting   motora   are   all   quite   aimilar   in   tbeir   electrical 


WESTTirOHOTTSE   ELECTBICAL  STSTEUS  3fl7 

operation,  bot  quite  b  number  oí  different  methods  are  Dsei)  in 
transmittiiig  pon-cr  from  Ilic  motor  to  tbe  crankBhaft  of  the 
cnginc,  and  in  this  wa_v  there  h  quitc  a  wiile  variation  íd  tbeir 
construílion.  Scvcral  different  types  of  starting  switchos  are 
uaeá  anj  they  will  lic  i]psctibc<l  bricfly  in  one  of  the  following 
Bcttions.  The  liglitÍjLg  switch  íb  uauaily  of  the  push-bntton  type. 
Alt  the  vnrioua  eircuits  arc  fiised  by  cartridge  fuscB  mounted  in 
íuse  boiea  or  copipaitmentB  provided  for  thcm. 

Rerened  Serieš  Field  ReguUtion 

ExpToded  viewa  of  two  generators  with  rcversed  Berieš  fielá 
regulntion  arc  shown  in  Figs,  273  and  274.  The  automatic  cutout 
ia  mounted  insidc  of  the  frame  of  the  generátor  shown  in  Fig. 


Fíg.  27*— WtsIim/ÄuHľe  arncrotor  irií/i  rcicried  »rrití  jleíd  reeu- 
lalur  uiid  inhrnullu  mtrnníid  cufoul 

273  and  in  the  rase  of  the  generátor  shown  in  Fíg.  274  the  cutout 
is  mounted  oulaidc  the  frame  of  the  generátor.  The  internal 
eonnections  of  the  generátor  shown  in  FLg.  273  are  given  in  the 
diagram  in  Fig.  275,  end  ils  operation,  as  nell  as  the  operation 
of  the  generátor  with  an  exlernal  cutout,  is  as  follows: 

Ab  tbc  spced  of  the  generátor  builds  up  its  vottage  increases, 
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and  finally  sufficient  current  is  produced  in  the  shunt  winding^ 
of  the  cntout  to  produce  ample  pull  on  its  armatúre  to  elose  the 
cutout  contacts.  When  the  cutout  contacts  close  the  generátor 
immediately  starts  to  deliver  current,  provided  its  voltage  exceeds 
the  voltage  of  the  battery,  which  should  always  be  the  čase  when 
the  cutout  contacts  close.  If  no  lamps  are  turned  on,  the  current 
delivered  by  the  generátor  will  pass  through  the  serieš  winding 
of  the  generátor  and  chargé  the  battery.  The  direction  of  thia 
current  is  šuch  that  its  magnetizing  action  opposes  the  magnetiz- 
ing  action  of  the  current  in  the  shunt  fíeld  winding  and  the 
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Fio.  275 — Intcmal  connectiont  of  WentinghoMše  otnfrútor  nhoitn 

in  Fig,  273 


generátor  operates  as  a  diiferential  componnd  generátor.  Thia 
diíferential  action  of  the  serieš  field  tends  to  prevent  the  oatput 
of  the  generátor  from  increasing  as  rapidly  as  it  otherwiae 
would  do. 

I  f  some  current  is  being  snpplied  to  the  lamps  and  this  current 


WESTINGHOUSE   ELECTRTCAL   STSTEMR  399 

is  less  than  the  generátor  purrent,  then  the  rurrent  in  the  aerieB 
winding  u-ill  tie  equal  to  tlie  generátor  current  minus  the  current 
takcn  by  the  lanijis,  anil  the  dcniagnelizmg  aciion  of  the  serieš 
fieid  will  not  be  aa  great  as  it  was  íd  the  previous  qasc,  whíeh 


í   ymerator   vith 


Flg.  277— Bi-plodrrt  n 


TesuItH  in  the  {fenerator  output  increaalng  a  little  more  rapidlj. 
If  the  lámp  current  exceeds  the  generátor  current,  the  battery 
will  háve  to  usiat  the  generátor,  and  the  current  in  the  seriea  field 
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wUl  be  in  the  reverse  direction  to  what  it  waa  in  tbe  preeeding 
easeB.  Tbe  tnAgDetiztng  action  of  tbe  Heiiea  Seld  will  usíst  the 
magnetizing  nction  of  the  sbunt  fieid  aod  tbc  generátor  will 
operate  ap  a  cumulative  compaunil  generátor.  It  íh  thuB  seta 
that  as  tbe  lainp  load  incrcanps  thľ  magnctizing  action  of  tbe 
■erica  field  ia  cbanged,  ani)  this  change  of  itself  tends  to  cBuae  tbe 
output  of  tbe  generátor  to  incrcase.    An  ezploded  view  of  the 


Flit     2Tfi— HiBÄ-.pfrd    poľition    nt    inimpifr 
llahtlHíí  umrnilor 

interior  of  anolhcr  form  of  generátor  with  rever,-e.l  reriea  fleld 
regulation  ia  ahonn  in  Fíg.  276. 

In  addition  to  performing  tbc  generátor  íanetiona  thia  tnachine 
haa  B  diatributcr,  an  interrupter  and  ignition  coÍI  mounted  io  the 
end  opposite  the  cammutator  and  tbua  aerveg  as  an  ignition  nnit. 
A  vievr  of  the  maehine  wilb  the  diatríbuler  and  interrupter  eover 
removed  ia  ahown  in  Fig.  277,  and  the  poiiition  of  the  interniptťr 
weights  at  high  apeod  ia  ahown  in  Fig.  27S.  A  diagram  of  the 
eonnectiona  is  ahown   in  Fig.  279. 

Tbe  operation  of  the  ignitioD  airstem,  inriuding  the  Inlerrapter 
and  diatribnter,  ignilion  coit  aod  nwilrh.  begina  with  tbe  roaking 
of  the  primáry  circuit  of  the  coil  when  the  centrifúga)  weighta 
puah  down  tbc  fiber  bumper,  nllowing  tbc  intcrrupter  contact*  to 
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close.  Then  the  weight  moves  off  the  fiber  bumper,  allowing  the 
contacts  suddenly  to  separáte  or  open,  whea  a  high  vol^age  Í8 
induced  in  the  secondary  of  the  ignition  coil  and  directed  by  the 
distributér  to  the  proper  spark  plug,  causing  a  spark  at  the  spark 
plug  gap.  As  the  speed  of  the  engine  increases,  the  weights  aré 
thrown  out  from  the  center  and  automatically  advance  the  time  of 
closing  or  opening  the  interrupter  contacts  and,  hence,  advance 
the  spark.    At  the  samé  time,  due  to  their  shape,  they  keep  the 
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Fiff,  279 — Intcmaí  connection9  of  WesUnghoufie  comhincd  iffniHon 

and  lighting  t/cncrator 

contacts  closcd  during  a  grcater  part  of  the  revolution  when 
runnÍDg  at  high  speed;  this  makes  the  periód  of  contact  practically 
the  samé  at  all  speeds  and  prevents  the  spark  voltage  from  falling 
oíf  at  high  speeds. 

In  gencrators  not  provided  with  automatic  spark  advance  the 
centrifugal  weights  are  omitted  and  a  catn  substituted.     The 
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interrupter  contacts  arc  changed  so  as  to  make  the  breaking  of 
the  contect  occur  when  the  lever  is  pushed  down  by  the  eam 
instead  of  when  being  returned  by  the  spring. 

The  generátor  with  the  combined  cutout  and  regulátor  monnted 
on  it  and  no  ignition  hcad  has  two  terminals  marked  — B  and  L 


\ 

) 

> 

Fifj.  2S0 — Wiring  diagram  of  W'CHtin,  housc  gcnrrctor  tcith  third- 
bruMh  rťffiilalion  ar.d  m 'uirtittly  mountid  c.:tout 


or  — B  and  +  B,  and  another  niachine  of  exactly  the  samé  type 
but  used  with  an  electroniagnctic  štart ing  motor  gearahift  has 
three  terminals  marked  —  B,  S  and  L.  The  generátora  with  the 
combined  cutout  and  regulátor  mounted  on  them  and,  in  addxtion, 
an  ignition  head  may  háve  two  terminals  marked  — B  and  L  or 
—  B  and  +  B,  or  they  may  háve  three  termináli  marked  —  B, 
8  and  L. 
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TUrd-Broth  RegdktioD 

The  generatorg  with  third-brush  re^lation  ar«  of  tbe  Bhunt- 
woand  type,  and  their  output  is  regulated  bj  the  thirďbrush 
method.  Au  eleetromaKnetie  cutout  mounted  outside  the  gen- 
erátor automaticallj  conneetH  and  dieconcects  the  generátor  and 
the  battery.  In  gome  caaes  thia  eutoat  is  combined  with  the 
fltarting  switeh,  and  in  some  casea  it  is  mounted  inside  the  gen- 
erátor f  ráme. 

A  diagram  of  b  typical  systém  of  this  kind  is  shown  in  Pig.  289. 
Oenerators  of  this  type  ace  provided  with  two  terminals  marked 


A  —  end  P,  snd  the  eutout  has  three  terminals  marked  A — , 
B —  and  P.  An  inspection  of  the  diagram  will  enable  you  re&dily 
to  trace  tbe  following  cireuita.  The  ahutit  coil  and  the  cutout  is 
eonnected  between  Ihe  negatíve  terminál  nf  the  generátor  marked 
A  —  and  the  ground  which  corresponds  to  the  positive  terminál  of 
the  generátor.  Wben  the  eutout  cootactB  close  a  ciríuit  ia  eatab- 
liihed  from  tbe  groundcd  terminál  of  the  generátor  to  the  grounded 
terminál  of  tbe  batlery  Ihrough  the  battery,  through  the  ammeler 
to  tbc  terminál  B  —  on  tbe  cutottt,  through  the  cutont  contaeta 
aad  serieš  eoil  of  the  cutout  and  to  the  terminál  A —  on  the  cut- 
ODt  to  terminál  A —  on  the  generátor,  through  tbe  generátor  to 
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the  pOBitive,  or  grounded,  terminál  whieh  completes  the  circuit. 
Bome  oí  the  geneTBitorB  having  third-biosh  regulation  háve  the 
eutout  mounted  inside  the  frame  ot  the  machine,  and  in  nieh  eaMS 
the  generátor  has  ooiy  one  terminál  and .  tbis  terminál  connect* 
to  the  negatíve  battery  terminál.  The  eutout  in  mounted  iiuid« 
the  cover  at  the  commut&tor  end.    The  core  of  tbis  eutout  ean  b« 


raised  or  lowered  and  the  air  gap  betweea  the  lawer  end  of  the 
core  and  the  movable  armatúre  chauged.  When  the  adjuitíng 
■erew  ia  turned  to  the  right  the  air  gap  ia  deereaHed  and  tbe  eut- 
out eloaea  at  a  loncr  dynamo  Bpeed  or  voltage,  wbíle  tuming 
tbe  adjusting  aerew  to  the  left  inereafles  the  air  gap  and  the  eut- 
out eloaea  at  a  higber  dynamo  speed  or  voltage.    The  framea  of 
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tfaese  generators  are  made  from  steel  pipe  and  are  known  as 
No.  760. 

Some  of  tho  generátora  with  third-brush  regulation  are  pro- 
vided  with  an  ignition  unit  as  shown  in  Fig.  281.  Should  it  be 
necessary  at  any  time  to  operate  the  car  with  the  battery  dis- 
connectedy  the  following  instructions  should  be  observed  properly 
to  protect  the  systém.  The  5-ampere  ŕuse  in  the  shunt-fleld  circuit 
should  be  removed.  This  fuse  may  be  mounted  on  the  back  of  the 
cutout  switch  or  perhaps  inside  the  switch^  in  which  čase  there 
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Fig,  283 — Wiring  diagram  of  Westinghouse  combineá  cutout  and 
regulátor,  mounted  inside  of  generátor 


will  be  a  note  to  that  eífect  on  the  outside.  If  no  fuse  can  be 
found  and  there  is  still  a  shunt-field  circuit,  any  two  of  the  gen- 
erátor brushes  should  be  removed.  In  removing  each  brush  it 
ehould  be  noticed  which  side  was  up,  and  each  brush  should  be 
replaced  in  its  originál  holder  with  the  proper  side  up,  taking 
čare  to  see  that  the  brush  is  resting  against  the  commutator. 
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EledromagiMlíc  Voltase  RegdaliaB 

GeueratoTH  irith  eicctromagnetic  voltage  regulation  bave  their 
ontpnt  regulated  by  intermittently  varying  the  reiistaiice  of  the 
shnnt  fieid  circuit.  A  diagram  of  the  internal  connectioiia  of  a 
generátor  of  thii  kind,  in  wbich  the  regulátor  ia  mounted  lepa- 
ratel;,  is  Bbowu  in  Fig.  2S2,  and  one  in  whieh  the  regulátor  íb 
mounted  inside  the  generátor  housing  is  ahown  in  Fig.  2S3.  The 
prineiple  of  operation  of  the  regulátor  is  the  Bame  in  both  casea, 
and  it  íb  combined  with  the  automalic  cutout  and  all  placed  in 
ODe  housing.  Two  viewB  of  the  combined  regulátor  and  eutout 
are  showo  iu  Fig.  284.    ThÍB  combined  unit  performs  the  follow- 


Ing  functions:  That  of  a  cutout,  whirh  automnticallv  eonnecta 
and  disconnects  the  generátor  from  the  ballery  when  the  generá- 
tor is  driven  above  or  bclow  a  predetermined  speed  and  that  of  an 
nutomatic  voltage  regulátor  which,  after  the  eutont  hai  eon- 
nected  the  gecerator  circuit  to  the  batterj,  automatically  keep* 
the  gpuerator  voltage  at  a  predetermined  vaiue.  Each  function 
Í!i  performed  by  ite  individual  element,  bul  the  operation  of  the 
aerond  function  depends  úpon  that  of  the  first. 

When  the  generátor  íu  being  operalcd  at  a  apeed  below  the  pr«- 
determined  cut-in  speed,  tbc  eoutarts  of  the  cutout  armatúre  are 
opcn,  the  voltage  of  the  generátor  being  below  that  of  the  batteiy. 
When  the  generátor  speed  reaches  the  cut-in  speed  thc-ee  rontaela 
are  elosed,  eonnecting  the  generátor  circuit  to  tbc  baltery  cirenit. 
The  cut-in  speed  varies  from  S  to  10  m.p.b.  od  high  gear,  depend- 
ing  úpon  the  gcar  ratio  and  wheel  diameter  of  the  partieniar  emi. 

The  cot-in  speed  of  tbe  generátor  can  be  ohserved 
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the  car,  allowing  it  to  increaae  in  speed  slowly  and  obscrving  on 
the  speedometer  the  speed  at  which  the  car  is  running  when  the 
catout  contacta  elosej  which  is  indicated  by  a  slight  moveznent  of 
the  meter  needle. 

Thé  regulátor  is  so  constmcted  that  the  cutoiit  operates  to  dis- 
connect  the  generátor  f  rom  the  battery  circuit  at  a  speed  slightly 
below  the  cut-in  speed.  This  enables  the  regulátor  to  keep  the 
circuit  closed  and  not  constantly  open  or  close  it  when  the  car 
is  being  run  at  speeds  close  to  cut-in  speed.  This  disconnecting 
of  the  generátor  from  the  battery  circuit  when  the  generátor 
voltage  is  below  the  battery  voltage  insures  that  the  battery  will 
not  be  discharged  through  the  generátor. 

The  shunt  fields  of  these  generátora  are  so  designed  that  a 
voltage  in  ezcess  of  the  normál  voltage  regularly  would  be  gen- 
erated  when  the  generátor  is  operated  at  high  speed  and  no  load. 
This  ezcess  voltage  is  prevented^  and  the  voltage  is  held  constant 
by  the  automatic  voltage  regulátor.  When  the  generátor  is 
operating  below  cut-in  speed  the  contacts  of  this  regulátor  are 
closed  and  remain  closed  until  the  generátor  armatúre  is  revolvcd 
at  a  speed  which  generates  a  voltage  in  excess  of  a  prcdetermined 
value.  This  voltage  is  fixeďby  the  setting  of  tbc  voltage-regulat- 
ing  screWy  which  is  adjusted  at  the  factory  and  should  be  changed 
only  by  an  experienced  man.  When,  due  to  the  inereased  speed  of 
the  generátor,  the  voltage  tonds  to  exceed  the  value  for  which 
the  regulátor  is  set,  the  regulating  contacts  open,  opening  the 
direct  shunt-field  circuit  and  cutting  in  the  regulating  resistance. 
This  causes  a  momentary  drop  in  voltage  so  that  the  contacts  close 
again.  This  opening  and  closing  of  the  contacts  is  continuous 
and  so  rapid  as  to  be  imperceptible  to  the  eye  and  to  hold  tho 
voltage  constant. 

The  generátor  used  with  a  separately-mounted  combined  cutout 
and  regulátor  has  two  terminals  marked  A —  and  F.  The  F 
terminál  corresponds  to  the  shunt  field,  and  the  A —  terminál  cor- 
responds  to  the  ungrounded,  or  negatíve,  terminál  of  the  generátor. 
There  are  three  terminals  on  the  cutout  marked  A — ,  F  and  B — . 
The  A —  and  F  terminals  connect  to  the  corresponding  terminals 
on  the  geberator,  and  the  B  —  terminál  connects  to  the  negatíve 
terminál  of  the  battery.  The  generátor  with  the  combined  cut- 
out and  regulátor  self-contained  has  only  one  terminál,  and  it  is 
marked  B  — 
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Two  generators  with  electroma^etic  voltage  regulation  ar« 
equipped  with  Westinghouse  vertical  ignitlon  units.  These  two 
generators  háve  a  self-contained  and  separát ely-mounted  eombined 
eutout  and  regulátor.  The  one  with  the  regulátor  and  cutoat 
self-contained  has  three  terminals  marked  — B,  I  and  S,  and  the 
one  with  a  separately-mounted  regulátor  and  eutout  has  three 
terminals  marked  —  A  IG  and  F. 

Meckankal  and  Qectromagnetic  Regalalkm 

The  frames  of  the  generators,  with  combined  mechanical  and 
electromagnetic  regulation,  are  similar  in  construction  to  frame 
No.  760,  having  third-brush  regulation.  The  eutout  and  reg- 
ulátor are  carried  on  the  end  bracket  of  the  machine  nezt  to  the 
commutator.  The  operation  of  the  eutout  is  practically  the  samé 
as  that  of  all  electromagnetic  cutouts  having  a  shunt  and  serieš 
winding. 

The  regulátor  has  two  movable  contacts,  and  the  position  of 
one  of  these  contacts  is  dctermined  by  the  magnetic  ŕorce  ezerted 
by  a  solenoid  whose  winding  is  connected  across  the  brushes  of  the 
generátor,  while  the  position  of  the  second  contact  is  determined 
by  a  special  cam  mounted  on  the  shaft  of  the  generátor.  This 
second  contact  is  moved  up  and  <Iown  as  long  as  the  armatúre  of 
the  generátor  is  rotating.  Sincc  the  first  contact  is  moved  up 
r.nd  down  by  the  variation  in  the  magnetic  force  acting  úpon  it 
and  since  this  magnetic  force  depends  úpon  the  current  in  the 
solenoid,  whieh  varics  directly  as  the  voltage  between  the 
brushes  of  the  generátor,  it  is  evident  that  the  duration  of  the 
time  that  the  two  contacts  are  in  actual  contact  will  depend  úpon 
the  voltage  of  the  generátor. 

If  the  lower  contact  has  not  reached  the  limit  of  its  upward 
travel  when  it  touches  the  upper  contactj  it  merely  pushes  the 
upper  contact  upward  until  i  t  reaches  the  limit  of  its  upwmrd 
travel.  Hence,  the  nearer  the  upper  contact  point  is  to  the  lower 
contact  point,  when  the  lower  contact  point  is  in  its  lowest  posi- 
tion, the  longer  the  total  time  the  contact  points  are  in  aetua) 
contact  as  the  cam  revolves.  On  the  other  hand,  if  the  upper  eon- 
tact  be  raised,  the  time  the  two  are  in  contact  as  the  eam 
revolves  will  be  decreased. 

While  the  contact  points  are  touching  each  other  the  field  cnr- 
rent  passes  directly  between  the  m,  but  when  the  pointa  are  ■rr- 
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arated  the  field  cnrrent  mušt  pass  through  a  resistance  connecting 
the  contact  pointa  and  thus  decreasing  the  field  current  and  hence 
the  voltage  of  the  generátor.  The  frames  of  these  machines  are 
designated  as  No.  761  B. 

Generátor  and  Starting  Motor  Unit 

In  the  combined  generátor  and  starting  motor  unit  the  generá- 
tor and  starting  motor  actions  are  combined,  and  the  voltage  of 
the  systém  is  12  volts  with  the  positive  side  grounded.  The  in- 
ternal  connections  of  a  systém  of  this  kind  are  shown  in  Fig.  285, 
and  the  operation  of  the  systém  easily  may  be  followed  by  refer- 
ence  to  this  figúre.  The  generátor  is  provided  with  two  field  wind- 
ingSy  one  of  rather  large  wire  and  comparatively  few  turns  and 
the  other  one  of  small  wire  and  a  relatively  large  number  of  turns. 

Wlien  the  starting  switch  is  closed  a  circnit  is  completed  through 
the  serieš  winding  of  the  machine  and  its  armatúre,  and  it  operates 
as  a  serieš  motor.  The  regulatichí  of  the  output  of  the  machine 
as  a  generátor  is  by  the  third-brush  method,  in  combination  with 
the  reversed  serieš  field. 

In  some  systems  using  this  type  of  generátor  the  starting  and 
ignition  switches  are  combined  and  no  automatic  cutout  is  used, 
the  combined  switch  remaining  closed  as  long  as  the  engine  is  in 
operation.  A  systém  of  this  kind  is  shown  in  Fig.  285,  and  the 
electrical  unit  has  two  terminals.  Other  systems  using  the  com- 
bined generátor  and  motor  unit  háve  an  automatic  cutout  mounted 
separáte  from  the  generátor,  and  in  šuch  systems  the  starting 
switch  and  cutout  are  combined.  The  generátor  has  only  one 
terminál. 

Westmghoate  Starting  Motort 

The  electrical  operation  of  the  numerous  Westinghouse  start- 
ing motors  is  practically  the  samo.  They  are  of  the  serieš  type, 
and  their  chief  difference  is  in  the  mechanical  construction  of 
their  frames  so  as  to  suít  them  to  the  different  methods  of  mount- 
ing  the  motors  on  the  engines  and  the  different  method  of  trans- 
mitting  power  from  the  motor  shaft  to  the  engine  crankshaft. 
Two  generál  systems  are  employed  by  Westinghouse  for  connect- 
ing the  starting  motor  to  the  engine  crankshaft.  In  one  the 
engine  is  driven  by  a  gear,  in  the  majority  of  cases  on  the  fly- 
wheel,  that  has  a  sliding  pinion  meshing  with  it,  which  in  tam 
ia  driven  directly  or  through  a  reduction  gearing  by  the  starting 
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meior  and  is  brought  into  and  out  of  mesh  with  the  gear  on  the 
flywheel  by  a  special  shif  ting  lever  or  some  automatic  device.  In 
the  second  systém  the  reduction  gears  are  mounted  in  the  motor 
housing,  and  the  slow-speed  intermédiate  shaft  is  conneeted  to 
the  engine  crankshaft  by  an  overrunning  clutch  which  prevents 
the  starting  motor  from  being  run  by  the  engine. 

The  intermédiate  gears  connecting  the  motor  to  the  engine  may 
be  brought  into  mesh  by  pressing  a  starting  pedal,  and  after  the 
pedál  has  moved  far  enough  to  throw  the  gears  into  mesh  the  start- 
ing switch  is  closed  by  a  further  movement  of  the  starting  pedál. 
Another  systém  makes  use  of  a  powerful  solenoid  in  shifting  the 
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Fig.  285 — Wirino  o  f  WeHinghoune  combineá  generátor  and  motor 

unit 

gears.  In  this  systém  three  switches  are  used.  A  push  button  on  the 
dash  is  marked  štart,  another  switch  is  mounted  in  a  cylindrieal 
housing  through  which  the  starting  cable  runs  and  to  which  there 
is  a  wire  from  the  switch  on  the  dash,  and  the  third  is  the  main 
starting  switch  conneeted  to  the  shifting  pinion.  Closing  the 
push-button  switch  on  the  dash  sends  current  through  the  solenoid 
operating  the  cylindrical  switch  and  causes  this  switch  to  elose, 
and  the  circuit  is  completed  to  the  large  starting  switch  through 
a  powerful  solenoid  and  to  ground.  This  solenoid  pulls  on  a 
plunger  attached  to  the  sliding  gear  and  main  starting  switch 
contacts  and  connects  the  motor  to  the  engine  and  closes  the 
starting  motor  circuit.  The  electrical  connections  are  šuch  that 
when  the  voltage  of  the  generátor  is  equal  to  the  voltage  of  the 
battory  there  will  be  no  current  flowing  through  the  switch  wind* 
ings,  which  was  closed  by  the  dash  switch,  and  this  will  resolt  in 
the  main  starting  circuit  being  opened  no  matter  whether  the 
push-button  switch  on  the  dash  is  opened  or  remains  eloMd. 
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A  Ihird  type  of  jiinion,  or  t;parsbift,  operates  aa  followi:  Clos 
ing  tbe  maín  electrically-operated  switeh  starts  tbe  motor,  ftn<j 
it  runs  at  slow  specd  and  then  the  cirfDít  of  tbe  magnetie  pinion 
Bhift  U  closed.  The  operation  of  tbe  pinion  ihift  dÍMonaMts  tbŕ 
tnotoi  for  a  bripf  periód,  and  it  revolves  due  to  it^  on  BOMiatum 
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until  the  gears  mesh  and  then  fuU  voltage  is  applied  to  the  mo- 
tor. When  the  starting  push-button  is  released  all  the  various 
gean  and  switches  are  restored  to  their  originál  condition.  In 
these  inatallations  the  electrical  connections  are  šuch  that  as  soon 
as  the  engine  runs  at  a  speed  suffieient  to  cause  the  voltage  in 
the  generátor  to  be  equal  to  the  voltage  of  the  battery,  the  elec- 
trically  oper^ted  switch  opens,  even  if  the  driver  fails  to  release 
the  starting-Bwitch  button. 

A  fourth  type  of  automatic  screw  pinion  shift,  known  as  the 
Bendiz  drive,  is  employed.  The  starting  switch  may  be  closed 
by  a  foot  pedály  or  it  may  be  operated  electrically  by  an  electro- 
magnet  and  the  circuit  of  the  electromagnet  opened  and  closed  by 
a  pnsh-button  switch.  A  fifth  and  comparatively  new  method  of 
gear  connection  between  the  mdtor  and  the  engine  is  one  in 
which  the  starting  motor  is  connected  by  gears  to  the  transmis- 
sion  countershaft  in  plače  of  the  engine  flywheel  or  crankshaft. 
Two  spur  reduction  gears  are  mounted  on  a  countershaft  in  šuch 
a  way  that  one  may  be  made  to  mesh  with  a  pinion  on  the  arma- 
túre shaft  of  the  starting  motor,  and  at  the  samé  time  the  other 
may  be  made  to  mesh  with  one  of  the  transmission  gears.  These 
intermediate  gears,  together  with  the  shaft  úpon  which  they  are 
mountedy  are  moved  back  and  forth  by  the  starting  lever.  The 
electrical  circuit  through  the  armatúre  and  fleld  windings  of  the 
starting  motor  is  closed  by  the  action^f  the  starting  lever  after 
it  has  moved  a  suffieient  amount  to  cause  the  gear  to  be  in  mesh. 
No  overrunning  clutch  is  required,  as  the  transmission  gears 
when  operating  under  the  action  of  the  engine  throw  the  reduc- 
tion gears  out  of  mesh. 

Installation  on  1917  Chalmen 

Two  wiring  diagrams  of  a  typical  Westinghouse  installation 
are  given  in  Figs.  286  and  287.  This  is  a  three-unit,  single-wire, 
6-volt  installation  with  the  positive  side  of  the  systém  grounded. 
The  starting  motor  circuit  may  be  traced  as  foUows:  Starting 
with  the  positive  side  of  the  battery  along  the  large  cable  to 
the  grounded  terminál  of  the  starting  motor,  through  the  start- 
ing motor  to  the  starting  switch,  through  the  starting  switch,  when 
its  contacts  are  closed,  to  the  ncgative  terminál  of  the  battery. 

The  automatic  cutout  is  loeated  in  the  generátor  housing,  and 
the  charging  circuit  may  be  traced  as  follows,  assuming  the  eut- 
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ont  i8  elosed:  From  tbe  negatíve  terminál  of  the  generátor 
throngh  the  eontacts  of  the  eutout  to  the  ungrounded  side  of 
the  generátor  from  the  ungrounded,  or  negatíve,  terminál  of  the 
generátor  to  one  side  of  the  battery  indicatorj  through  the  indi- 
eator  to  one  side  of  the  startíng  switch,  thence  to  the  negatíve 
BÍde  of  the  battery  along  the  heavy  cable.  The  positive  side  of  the 
generátor  and  battery  are  both  grounded;  hence,  they  are  eon- 
nected  together  permanently  and  the  circuit  is  complete.  If  any 
eurrent  is  being  taken  by  any  one  of  the  various  lámp  circuits, 
the  eurrent  passing  through  the  indicator  will  be  equal  to  the 
eurrent  delivered  by  the  generátor  less  the  eurrent  taken  by  the 
lampsy  ignition  apparatus,  etc.  When  the  eurrent  taken  by  the 
lamps,  ignition,  etc,  ezceeds  in  valne  the  eurrent  delivered  by 
the  generátor  then  the  batterý  discharges  and  assists  the  gener- 
átor and  the  indicator  shows  a  discharge  rather  than  a  chargé. 

Two  bulbs  are  provided  in  each  head  lámp,  and  the  circuit 
through  these  bulbs  is  completed  through  the  ground  or  frame  of 
the  car.  The  dash  and  tail  lamps  are  each  7-volt  bulbs,  and  they 
nre  connected  in  parallel  and  controlled  by  the  samé  switch. 
A  diagrammatíc  view  of  this  installation  is  shown  in  Fig.  288. 


CHAPTER  XXVm 

Gray  &  Davis  Electrícal  Systems 

THE  TRTions  Qtty  A  Daria  eleetrleat  ífatems  foT  the  motor  cm 
ms7  be  eonvenientlj  grouped  into  two  main  duiea,  depend- 
ing  apoD  the  kínd  of  generátor  that  ia  ased,  oamelj,  eonat«Dt- 
•peed  geiMrator  sritems  and  v&rUble-gpeed  genet&toi  aTatems. 

Constant-Speed  Genenbn-  Systani 

The  generatoTi  nsed  In  the  eonstaat-apeed  generátor  aTatema 
ue  of  the  eonatant-apeed  type.  The  generatoi  ia  drivea  bf  tbe 
engine  through  b  apeciBlty-eonstructed  friction  goveraor  whieh 
preventa  the  apeed  of  the  armatúre  of  the  generátor  from  ezeeeď 
ing  a  prede  termíne  d  value  regardleaB  of  the  apeed  of  the  engiue. 

Tbeae  generátora  are  either  two-  or  foar-pole  dependiog  vpon 
the  tTpe.  They  all  háve  round  framea  and  nay  be  saed  with  ain- 
gle  or  two-wire  ajatema.     Ttiey  are  eonpooDd-wonod  and  {.hey 
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operate  as  simple  shunt  machines  ezeept  when  tbe  lamps  au* 
turned  on.  The  current  taken  by  the  lampa  passes  through  tbe 
serieš  field  and  increases  tbe  output  oí  the  generátor  as  tbe 
demand  is  increased. 

An  electromagnetic  catoat  is  provided  in  the  circuit  between 
tbe  generátor  and  tbe  battery  and  closes  and  opens  the  circuit 
when  tbe  voltage  is  above  or  below  the  voltage  of  tbe  battery. 

The  starting  motors  are  of  the  two-pole  type  and  are  connected 
to  tbe  engine  by  a  gear  reduction  to  a  jackshaf  t  úpon  which  tbere 
Í8  a  sliding  pinion  which  mesbes  witb  a  gear  on  the  flywheel  rim. 
The  sliding  pinion  is  provided  witb  an  overrunning  dutch.  The 
starting  switcb  and  sliding  pinion  are  operated  by  means  of  tbe 
samé  pedál  or  lever,  as  shown  in  Fig.  289. 

Another  type  of  a  connection  between  tbe  starting  motor  and 
tbe  engine  is  made  by  a  silent  ehain  running  over  a  sprocket  on 
the  engine  cranksbaft  and  a  double  sprocket  on  the  shaft  of  the 
starting  motor.  A  set  of  reduction  gear  s  is  carried  inside  the 
motor  hoasing  and  an  overrunning  dutch  is  built  inside  tbe  motor 
sprocket. 

Tbe  wiring  diagram  of  a  two-wire  systém  is  shown  in  Fig.  290, 
and  a  pian  view  of  tbe  installation  is  shown  in  Fig.  291.  The 
starting  switcb  is  so  constructed  that  a  resistance  is  connected  in 
serieš  witb  tbe  battery  and  starting  motor  when  tbe  switcb  is 
in  the  flrst  position,  and  tbis  resistance  is  cut  out  of  circuit  when 
the  switch  is  completely  closed. 

Variable-Speed  Generátor  Systems 

Tbe  generátore  nsed  in  tbe  variable-speed  generátor  systema 
are  connected  mechanlcally  to  the  engine  and  always  run  at  a 
definite  speed  in  relation  to  the  engine  speed.  The  machines  are 
sbunt-wound,  and  their  output  is  regulated  by  either  tbe  tbird- 
brusb,  or  electromagnetic  metbod,  depending  on  tbe  modeL 

* 

Electromagiielic  Regidatioii 

The  generátor  witb  electromagnetic  regulation  is  a  rectangnlar 
f  ráme  macbine  and  tbe  combined  cutout  and  regulátor  is  moonted 
in  a  rectangnlar  bousing  on  top  of  the  generátor.  Looking  down 
on  the  regulátor,  there  are  six  terminál  s  visí  bi  e,  tbree  at  each 
end.  Tbe  two  outside  terminals  on  the  driving  end  are  marked 
B  and  L  respectively.     The  terminál  marked  LHs  conneeted  to 
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the  lighting  switch,  and  the  terminál  marked  B  is  connected  tc 
tfae  negatíve  terminál  of  the  battery  with  a  current  indicator  in 
Berieš.  These  connections  are  all  plainlj  shown  in  Figa.  292  and 
293.  The  center  terminál  at  tfae  drive  end  of  the  generátor  la 
unmarked  and  is  used  in  grounding  one  end  of  the  shunt  coil 
on  the  eombined  cutout  and  regulátor.  The  three  terminals  op- 
pošite  the  drive  end  are  marked  A,  F  and  F-1  respeetively  and 
are  used  in  making  the  connections  between  the  eombined  cutout 
and  regulátor  and  the  armatúre  and  field  of  the  generátor.  No 
ezternal  connections  are  made  to  these  terminals. 

The  internal  connections  of  the  eombined  regulátor  and  cutout 
are  shown  in  tfae  wiring  diagram  in  Fig.  293.  The  regulátor  has 
two  sets  of  contacts^  and  each  set  when  closed  short-circuits  a 
resistance  in  the  field  circuit.  With  an  increase  in  output.there 
is  an  increase  in  the  magnetic  pull  on  the  armatúre  controlling 
these  pointSi  and  finally  they  are  opened  and  the  field  resistance 
increasedy  which  lowers  the  field  current  and  thus  decreases  the 
output.  This  opening  and  closing  of  the  regulátor  contacts  is 
very  rapid  af ter  the  output  of  the  generátor  has  reached  the  value 
for  which  the  regulátor  is  adjusted.  The  current  taken  by  the 
lamps  does  not  pass  through  all  the  serieš  turns  of  the  eombined 
regulátor  and  cutout,  and  as  a  result  when  the  lamps  are  turned 
on  the  output  of  the  generátor  is  increased.  Fuses  are  provided 
in  the  circuits  to  the  lights  and  horn  as  shown  in  Fig.  293.  These 
fuses  all  are  mounted  on  the  back  of  the  lighting  switch.  The 
lighting  switch  is  of  the  rotary  type  and  has  four  positions  as 
follows:  First,  side  and  tail  lamps;  second,  head  and  tall  lamps; 
third,  all  lamps  on;  and  fourth,  all  lamps  oíf. 

The  starting  motor  used  with  this  type  of  generátor  is  of  the 
series-wound  type  and  is  connected  mechanically  to  the  engine 
cither  by  a  pinion  which  meshes  with  a  gear  on  the  fiywheel  or 
by  a  silent  chain  and  overrunning  clutch. 

Third-Braih  Regulatkm 

The  generátor  with  third-brush  regulation  is  a  reetangular- 
frame,  two-pole,  shunťwound  machine.  The  electromagnetic  cut- 
out is  located  inside  the  generátor  frame  above  the  commutator. 
There  is  only  one  terminál  on  the  machine,  and  this  connects 
with  the  negatíve  terminál  of  the  battery. 

The  motor  used  with  this  systém  is  a  rectangular-framci  two- 
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pole,  seríes-wound  machine  and  has  only  one  temúnal,  which  eon- 
nects  to  the  starting  switch  and  Írom  there  to  the  negatíve 
terminál  of  the  batterj. 

The  Gray  &  Davis  generátore  are  descríbed  quite  completelj 
in  the  section  devoted  to  the  Graj  &  Davis  systém  for  Ford  cars. 

A  complete  wiring  diagram  of  the  Gray  &  Davis  installation  on 
the  Paige  is  shown  in  Fig.  294.  It  is  a  three-unit,  6-volt,  single- 
wire  systém.  The  ontput  of  the  generátor  is  reg^lated  by  the 
electromagnetic  method.  The  combined  cutout  and  regnlator  are 
in  a  rectangular  housing  on  top  of  the  generátor. 

The  starting  motor  is  a  two-pole  series-wound  machine,  and  an 
automatie  pinion  is  used  in  connecting  it  to  the  engine. 

A  battery  ignition  systém  made  by  the  Bemy  Electric  Co.  ia 
used,  and  current  is  supplied  either  by  the  storage  battery  or 
the  charging  generátor* 


CHAPTER  XXIX 

USL  Electrícal  Systems 

GENEBATOB  and  starting  motor  actlooa  «re  combiDod  in  a 
single-uuit  in  all  Uie  different  electrieal  sfatemi  for  tlio 
motor  ear  as  manufactnred  by  the  U.  8.  Ligbt  &  Heating  Corp. 
The  fleid  atruetnre  of  the  anit  ia  atstionary,  and  the  armatúre  ia 
fastened  to  the  erankahaft  of  tbe  engino  in  plaee  of  the  fly^ieel. 
In  Bome  ayatema  the  armatúre  rotatea  ODtside  the  fieid  atruc- 
túre,  while  in  the  other  syatema  tbe  armatúre  rotatee  inaide  the 
field  aa  in  ordinary  praetice. 

FouT  principál  tj'pea  of  equipment  are  aupplied  hj  the  USL 
companj,  and  thcse  difFerent  typca  difFer  from  each  othcr  chiefly 
in  the  mothod  emplojcd  in  regulating  the  output  of  the  unit  as 
a  generátor  and  the  difFerent  combinationa  of  voltagea  uaed  in 
starting  and  cbarging. 


flg.  29S — VBL  24-12  ťolt  *)j«le>".  exlemal  repotator  and  txtemal 
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An  exploded  vien  oí  the  electrical  unit  for  the  24-12-volt  aja- 
tem  íb  sbown  io  Fig.  295,  and  s  tfpical  wiricg  diagram  íb  given 
in  Pig.  296.  The  battery  used  with  tbia  Bystem  codhíhIs  of  twelva 
cells  divided  into  two  groups  ot  aix  eells  each.  Theae  two  groups 
are  connected  in  seriea  by  the  special  rotary  drnm  starting  Bwitch 
when  the  electríca!  unit  operates  aB  a  starting  motor  and  in 
parallel  when  the  electrical  noit  is  opersting  aB  a  generátor.  In 
Bome  installations  the  lights  are  opersted  direct  from  the  twc 
gTonps  oí  cells  in  parallel  or  froDi  a  slngle  group  when  the  start- 


ing Bwiteh  is  depreBsed  and  Ihey  are  of  the  14-volt  type.  8ome 
installatioDB  make  ose  of  a  thrcc-wire  systém  for  lighting,  and 
in  sneh  cases  the  lampa  are  of  the  7-volt  type.  Both  of  these 
systems  of  wiring  are  Bhown  in  the  lower  left-hand  corner  in 
Fig.  296. 

The  electrical  unit  is  au  eigbt-pole  machine,  and  the  flelds  are 
compound-wouDd.  Both  vindings  are  uaed  for  generátor  and 
motor  actions.  The  Intemal  conocctions  are  plainly  showD  in 
Fig.  296.    Thero  are  three  terminah  on  top  of  the  flywheel  čase. 

A  diagram  of  the  combined  cutout  and  regulátor  is  shown  in 
the  upper  left>hand  corner  of  Fig.  296.  Both  the  cutout  and 
regulátor  fuuctions  are  taken  čare  of  by  a  ningle  elc-ctromagnct, 
whieh  has  a  ahunt  and  serieš  winding.  The  cutout  contacts  elose 
and  open  the  circuit  connecting  the  generátor  and  the  battery  in 
the  uanal  manner.     The  regulátor  acts  to  vary  the  pressure  on 
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Fi0,  29S — Wiring  diagram  of  thc  V8L  12-6  roll  nf/Biem,  e^fenMl 
regulátor  and  intcmal  armatúre  fype 
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a  small  CHrbon  rcoiatance  connccted  in  Heries  with  the  sbunt  fiold 
wiDding  ani]  thuB  variea  the  shunt  eicitatiOD  aa  the  output  changea. 
The  ma^etiziiiir  actioD  of  the  acrica  Geld  ninding  oppoBea  the 
magnetiziag  action  of  the  ahunt  fiiíld  wiadiog  whea  the  únii  ia 
aetiag  as  a  generátor  and  thua  tenda  to  prevent  au  flxceaaiTe 
iiicr«aae  in  the  output  of  the  machine. 

Tbe  two  positiona  of  the  atartiug  switch  are  elearly  shown 
in  Fig.  296,  and  tho  starting  motor  and  generátor  cireuita  easily 
may  be  traeed  by  reference  to  thia  flgure. 

Tbe  tourlng  atritcb  ahowa  in  the  uppcr  TÍght-haad  eorner  of 
Fig.  296  enablea  the  driver  to  control  the  charging  of  tbe  bat- 


Fiff.  209— U8L  2412  roll  lytlrm,  laJtcrmlIv  rtgulMtS  (Wrf  eittntat 

tery.  Wilh  this  switeh  open  the  generátor  will  not  chargé  the 
baltery,  while  wilh  this  awitrh  cloaeil  the  generátor  will  chargc 
the  ballpry,  providcd  the  enginc  speod  ia  suffirient, 

12-6  Volt  Syrtem,  Extemal  Regidator 

Ad  pxploded  víew  of  the  electrical  nnit  for  the  12-6  volt  systém 
ia  ahown  in  Fig,  297,  nnii  a  typiral  wiring  diagram  ia  given  in 
Fig.  298.  The  battcry  usp.i  wilh  thia  avstem  ronaiala  of  eix 
eella  divided   into   two   groups   of   threc   cells   eaeb.      Theae   two 
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groaps  are  eonnected  in  serieš  by  the  special  rotary  drum  štart- 
ing  switch  when  the  electrical  unit  operates  as  a  starting  motor 
and  in  parallel  when  the  electrical  unit  is  operating  as  a  gen- 
erátor. The  lights  are  operated  direct  Írom  one  section  of  the 
battery,  and  they  are  of  the  7- volt  type. 

Alternate  poles  of  the  electrical  unit  háve  a  shunt  winding, 
and  the  remaining  poles  háve  a  serieš  winding.  The  operation 
of  the  cutout,  regulátor,  starting  switch  and  touring  switch  all 
are  the  samé  as  for  the  systém  described  in  the  previous  section. 

24-12  Volt  Syst€m,  Inherendy  Regulated 

An  ezploded  view  of  the  electrical  unit  for  this  systém  is 
shown  in  Fig.  299  and  a  typical  wiring  diagram  is  given  in  Fig. 
300.  The  battery  used  with  this  systém  consists  of  twelve  cells 
divided  into  two  groups  of  siz  cells  each.  These  two  groups 
are  eonnected  in  serieš  by  the  special  starting  switch  when 
the  electrical  unit  operates  as  a  starting  motor  and  in 
parallel  when  the  electrical  unit  is  operating  as  a  generátor.  The 
lights  are  operated  on  either  the  two-  or  three-wire  pian,  as  shown 
diagrammatically  in  Fig.  300. 

Seven  of  the  eight  poles  of  the  electrical  unit  háve  a  serieš 
winding  on  them,  and  the  remaining  pole  is  provided  with  a  shunt 
winding.  The  poles  on  the  opposite  sides  of  the  pole  having  the 
shunt  winding  on  it  are  of  the  samé  polarity  as  the  shunt  pole. 
The  demagnetizing  effect  of  these  poles  úpon  the  shunt  pole  acts 
to  prevent  the  output  of  the  generátor  from  becoming  ezcessive. 

The  cutout  is  of  the  electromagnetic  type  and  is  carried  on  the 
engine  side  of  the  dash.  Two  fuses  are  mounted  on  the  cutout 
base,  one,  of  6-ampere  capacity,  in  the  shunt  fíeld  circuit  and 
the  other,  of  30-ampere  capacity,  in  the  main  circuit  of  the  elec- 
trical unit.  A  touring  switch  is  provided,  and  its  operation  will 
be  obvious  after  an  inspection  of  the  wiring  diagram.  An  indi- 
cating  ammeter  is  mounted  on  the  dash  and  is  eonnected  in  the 
circuit  from  the  positive  terminál  of  the  battery  to  the  touring 
Bwitch. 

•    12-12  Vok  System,  hherently  Regulated 

A  typical  wiring  diagram  of  a  12-12-volt  systém  is  given  in 
Fig.  301.  The  electrical  unit  has  four  terminals,  the  automatic 
cutout  has  four  and  the  starting  switch  has  three.     The  three 
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terminals  of  the  starting  gwitch  are  connected  together  when  the 
starting  switch  is  in  its  closed  position,  and  no  connections  are 
made  through  the  starting  switch  when  the  electrieal  unit  ia 
operating  as  a  generátor.  The  touring,  ignition  and  lighting 
Bwitehes  all  are  combined  in  a  single  unit. 

A  compensating  field  coil  is  used  in  addition  to  the  shunt  and 
serieš  field  coils  described.  This  compensating  field  coil  is  con- 
nected to  brush  No.  3,  as  shown  in  the  diagram.  The  object  of 
this  compensating  coil  is  to  weaken  the  magnetic  field  with  an 
increase  in  speed,  but  this  effect  is  not  very  noticeable  until  the 
generátor  has  practically  reached  its  maximum  output. 

A  wiring  diagram  of  the  U8L  installation  on  the  1916  Mercer 
is  shown  in  Fig.  302.  This  is  a  two-unit,  12-volt,  two-wire  sys- 
tém. The  generátor  has  inherent  regulation  due  to  the  combined 
actions  of  a  serieš  and  eompensating  field  winding.  The  start- 
ing switch  is  operated  magnetically  by  closing  the  starting  but- 
ton  on  the  dash. 

On  the  1917  Mercer  cars  a  magnetic  switch  is  used  to  open  and 
close  the  shunt-field  circuit.  This  switch  closes  and  connects  the 
shunt  field  directly  to  the  battery  unless  the  touring  switch  is 
open.  Supplying  current  direct  from  the  battery  to  the  shunt  fičld 
winding  caosea  the  electrieal  unit  to  pick  up  quickly. 


CHAPTER  XXX 

Leece-Neville  Electrícal  Systems 

THE  generfttor  ŕor  the  1913  Leece-Neville  systems  i8  bipolar. 
and  for  the  1914  systems  it  is  multipolar.  It  la  connected 
to  the  engine  by  gears  and  delivers  earrent  to  the  storage  batter^ 
at  a  pressure  of  12  volts.  The  cirenit  between  the  generátor  and 
battery  is  closed  and  opened  by  a  special  two-pole  cutoat,  whieh 
also  aerves  as  a  visual  battery  indicator  aa  to  whether  the  bat- 
tery is  being  charged  or  not.  The  oatput  of  some  of  the  generá- 
tore is  regulated  by  armatúre  reaction.  They  are  shunt-wound 
machines,  and  a  mazimujn  current  of  approzimately  12  amperes 
is  reached  at  a  speed  ot  about  15  m.p.h.  In  some  cases  the  gen- 
erátora are  provided  with  both  a  shunt  and  serieš  fíeld  winding, 
and  in  each  čase  the  magnetizing  action  of  the  aeriea  field  oppoaea 
that  of  the  ahunt  field  and  thua  tends  to  prevent  an  ezceaaive  rise 
in  the  output  of  the  generátor  aa  the  apeed  increaaes. 

The  starting  motora  used  in  1913  were  bipolar,  and  thoae  uaed 
in  1914  were  multipolar.  The  motora  are  connected  to  the  engine 
through  reducing  gears  arranged  to  mesh  with  gears  on  the  fíy- 
wheel  of  the  engine.  The  starting  switch  has  four  terminals  and 
may  be  of  the  rotating-drum  or  sliding-contact  type.  The  samé 
rod  that  throws  the  motor  geara  into '  mesh  transmita  the  neceti 
aary  motion  to  the  starting  switch.  The  rod  itself  on  some  cars 
la  opera ted  by  moving  the  transmission  srearshift  lever  into  a 
special  slot  and  then  pushing  it  forward  quickly  to  the  end  of  the 
slot.  A  spring  throws  the  gears  out  of  mesh  when  the  lever  is 
returned  to  its  neutral  position  and  the  starting  switch  is  opened. 
On  cars  equippcd  with  magnetic  gearshifts,  the  rod  which  op- 
erates  the  intermediate  gears  and  the  starting  switch  itself  is 
operated  by  the  starting  pedal.  Prcssing  a  button  on  the  dash 
marked  ''štart"  connects  the  rod  to  the  clutch  pedal  mag- 
netically,  and  the  gears  are  thrown  into  mesh  and  the  starting 
switch    closed    by    throwing    the    clutch    pedal    forward.      When 
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the  button  on  the  dash  is  released  the  gears  are  thrown  ont  of 
mesb  by  a  spring  and  the  starting  switch  is  opened. 

In  the  1913  installations  the  redaction  gears  are  not  incased, 
while  in  the  1914  installations  the  gears  are  incased  in  the  end 
yoke  of  the  motor,  which  makes  it  possible  to  keep  them  well 
greased. 

The  wiring  of  the  car  is  sneh  that  the  lamps  operate  on  O 
rather  than  12  volts.  A  wiring  diagram  of  the  Leece-NeviUe 
installations  is  shown  in  Fig.  303. 

The  output  of  the  6-volt  generators  f  or  1915,  1916,  1917  and 
1918  is  regulatcd  by  the  third-brush  method.     They  are  shant- 
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wound,  and  a  coil  is  placed  on  each  of  the  four  poles.  In  soma 
cases  an  ignition  head  is  mounted  on  the  generátor.  Some  of 
the  systems  make  use  of  a  four-terminal  two-pol^  electromagnetie 
cutout  mounted  on  the  dash,  whilp  other  systems  háve  the  catoat 
mounted  on  the  generátor. 
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ment  when  the  generátor  is  not  cbarging  the  battery  and  the  word 
''Charging''  appears  when  the  battery  is  being  charged.  Thia 
combined  indicator  and  target  is  mounted  on  the  daah  of  the  car 
together  with  the  light  switches,  and  a  front  view  of  the  panel 
Í8  shown  in  Fig.  305.  Three  lighting  buttona  are  provided,  and 
they  operate  the  following  circuits:  The  upper  one  when  it  is 
pulled  out  turns  on  the  head  lights  dim  wlth  the  tail  light  brig^t; 
when  the  second  switch  is  pulled  out,  leaving  the  upper  one  out, 
the  head  lighta  are  turned  on  bright  and  the  tail  light  remaint 
bright;  the  third  switch  controls  the  eowl  light. 

There  are  two  running  positions  f  or  the  ignition  switch,  so 
that  current  for  the  ignition  systém  may  be  drawn  from  either 
of  two  soufces,  the  storage  battery  or  a  battery  of  siz  dry  eells. 
The  negative  side  of  the  primáry  winding  of  this  ignition  cireait 
Í8  grounded. 

InstaDatioii  on  1917  Haynct 

The  installation  on  a  1917  Haynes  is  a  6-volt,  ibree-nnit,  two- 
wire  installation.    A  circuit  diagram  of  the  systém  is  shown  in 


FUSE 


ujT-nj; 


GENERÁTOR 


'TfTT'''^"^ 


B.  Bi 


Fig.  S07 — Wirinff  diagram  of  Lecce-yeriHe  generátor  and  cirmtí 

breaker  on  1917  Baynea  lighi  Ht 


Fig.  306.  The  generátor  and  motor  are  both  of  the  ronnd  fmme» 
four-pole  type.  The  output  of  the  generátor  is  regula ted  by  the 
third-brush  method,  and  it  automat  ically  is  connected  to  and  dia* 
connected  from  the  battery  by  an  electromagnetic  eutont.    This 
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eutout  Í8  mounted  on  top  of  the  generátor,  and  connections  are 
made  to  it  by  a  plug,  as  shown  diagrammatieally  in  Fig.  307.  The 
fuse  in  the  shunt  field  circuit  serve  as  a  protection  to  the  generá- 
tor should  the  eutout  contacts  faii  to  close  or  the  generátor  be 
operated,  with  the  battery  removed.  It  is  best  always  to  remove 
this  fuse  when  the  battery  is  disconnected  f  or  any  reason  at  alL 

The  starting  motor  switch  is  mounted  on  top  of  the  starting 
motor  and  opérated  by  a  rod  which  leads  to  a  ring  in  the  eowl- 
board  in  front  of  the  driver. 

An  ammeter  is  mounted  on  the  eowlboard  and  indieates  the 
chargé  and  diseharge  current  of  the  battery  ezcept  the  current 
taken  by  the  starting  motor. 

A  battery  ignition  systém  is  used,  and  it  is  controlled  by  an 
ignition  switch  mounted  pn  the  eowlboard. 


CHAPTER  XXXI 

Bosch-Rushmore  Electrícal  Systems 

THE  generátora  made  b7  the  Boieh  and  Buahmol'e  cúmpaniea 
bave  tbeir  output  Tegulated  bj  eithcr  of  two  methods,  namely, 
the  bucking  field  type  of  regulation  or  the  electromognetic  tjpe  of 
regnUtion. 

Bnckng  Fidd  Type  of  RegaUtion 

Theoe  generátora  are  of  the  round  frame,  two-polo  type,  and 
cacb  ot  the  polea  haa  a  aeríea  and  a  shunt  winding.  The  voltage 
of  the  generátora  may  be  eitber  S  or  12  volts,  depending  on  the 
inatallation,  and  the  ayatem  ma^  be  of  the  single  or  two'Wire  type. 
The  connectiäna  of  the  trindinga  are  šuch  that  the  magoetiung 
aetioB  of  the  Beriea  turna  oppoaea  the  magnetizing  aetion  of  the 
ahunt  tnraa  in  the  majority  of  caaea.  In  some  of  the  syateoia 
built  previouB  to  1917,  the  seriea  fleld  winding  ia  shunted  by  a  eoil 
of  iron  wire,  ealled  a  ballaat  coil,  whoae  action  ia  as  followa; 

WheB  the  output  of  the  generátor  ig  low  the  ballaat  coil  carriea 
practieally  all  the  eurreot  the  generátor  U  delivering.  Aa  tbe 
current  output  increaaes  the  iron  nire  composing  the  ballaat  coil 
beg^ns  to  beat  and  ita  reBÍatancc  increaseg,  thua  cauaing  more 
current  to  paša  through  the  acrice  fieid,  which  tenda  to  lower  tbe 


Fig.  308 — Tteo  iWti  o!  dynaMo  atet  iBflh  Boteh  itaméar4  IfffcMv 
tfpe  DBR-103  ani  the  larpcr  DBIťi 
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SmHhSíOi 


<     II  Ifr/nwiw  Vi      i 


Fig.  309 — Wiring  diagram  of  Botch  štandard  inttallatUm 
U9ing  D8G  generátor,   CBG'102  control   h09  and  8-102 

lighting  switch 
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Bosch  OSffS  Gmnerafor 


Fig.  310 — TTirffi^  diaQram  of  Bosch  atonáará 

in9taUatton    uBing   DSR-Z    generátor,    CBO-lHl 

control  box  and  8-102  Ughting  éwiteh 
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oatpnt  of  the  Keoerator.  The  maiimum  eurrent  the  generátor 
will  deliver  maj  be  cbanged  by  replacing  the  ballaat  coil  with  one 
having  a  differeat  resistance  snd  thus  tbe  generátor  outpnt  maj 
be  adjasted  to  meet  the  demands  00  tbe  atorage  batteiy.  Two 
tTpea  of  Boach  generátora  are  shown  in  Fíg.  SOS.  The  smaller 
one.  wbieh  ia  frequently  referred  to  aa  the  fan-type  generátor, 
u  knawQ  as  tjpe  D  B  B-103  and  the  targer  one  as  type  D  8  R-3. 

TIi«  wiring  diagrama  of  two  typical  Bosch  installations  are 
■hown  in  Figa.  309  and  310. 

Tbe  generátora  that  do  not  use  the  ballaat  «oil  are  very  similar 
in  eonatruction  to  those  that  use  it.    In  two  generátora  of  thia 


Fig.   311— BoH-h   Blandará   llgUling   sv'tem 

conlral    baz,    Igpe    CB-101,    tcith    coifr    re- 

Moifif.-     C,  cataul;  F,  /leld  /iise;  H,  main 

Jvit;  R,  rtaialanre  coil 

type,  D  8  G105  and  D  S  G-106,  the  lampa  are  connected  in  aeriea 

witb  the  aeriea  field  coila  and  the  aeries  Qeld  carriea  current  ontľ 

nben  the  lampa  are  burning.    In  theae  two  macbinea  tbe  magnet- 

izing  action  of  tbe  aeriea  Qeld  asstata  tbe  magnetizing  action  oí 

the  shunt   field.     Two  different   typea  of  control   boiea  are   fur^ 

niahed  witb  tbeae  ayatema.    Type  C  6-101  contaios  the  cutout,  the 

ballaat  coU,  the  shunt  äeld  fuae  and  &  maia  fuae  which  carcÍH 
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tlie  entire  lígbtiDg  eairent.  A  view  at  a  control  box  of  this  typt 
with  the  cover  removed  if  sbown  in  Fíg.  311.  The  iiutallatioDB 
on  some  cari,  sucfa  as  the  Marmon,  are  not  provided  vrith  tbÍB  large 
fnie,  bnt  separáte  fuwB  are  provided  in  each  of  the  lighting 
circuita.  The  OBO-102  tjpe  of  control  box  ia  identical  except 
no  ballaat  coil  is  provided.  A  metal  strip  is  eoune«ted  in  plaee 
of  the  coil. 

Two  types  ol  switchoH  are  provided.  In  one  type  the  lighting 
and  ignition  HwitehcB  are  eombined,  and  in  the  other  type  thia 
■witeh  íb  combined  with  an  ammeter  to  fonn  a  unit.  A  front 
view  of  both  typea  of  switchea  ia  shown  in  Fig.  312. 

The  BoBcb  and  Buahmore  atarting  motora  are  practically  the 
aatne.  Tbe  construction  of  tbe  motor  ia  sucb  Ihat  ita  armatúre  ia 
moved  endwiae  wheu  the  atarting  awitcb  is  cloaed  and  the  driving 
pinion  is  brought  into  meah  with  the  gear  on  tbe  flywheel.  The 
operatioD  of  thia  systém  of  driving  is  fully  deseribed  in  tbe 
seetion  on  "Motor  and  Engine  Connections." 

Electromagiietic  Trp«  of  RegohtioD 

The  generátora  for  these  systcma  are  abunt-wound  machinca, 
ind  an  external  regulátor  ia  provided.  This  regulátor  eonaista  of 
a  Bolenoid  whose  plunger  atands  in  a  vertical  poaition  and  is  held 
dowD  by  a  spring.  Tbe  end  of  this  plunger  reata  úpon  a  maas  of 
earbon  and  mica  nbicb  forma  part  of  the  field  circuit.    The  wind- 


Ftg.  312— rwD  atylu  aj  twUthf  nfpUe*  toUX   BiMOH   tíimémi 

tl^kUng  tyteiKi.     Tvp*  8-101  U  iHtlKnil  ammeler;  typt  e-loa  li 

with  atumeter.     Botk  Incorrorate  a  loeklng  útriee 
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i„.  „t  the  .ol.noW  1.  ,on...l.d  a.™.  11..  gon,..lot  taa.hm  ..d 
„  the  voll.g.  ol  tbí  g™„.to,  l«.r»«.  th.  pluag.r  ..  "■"!  "J 
L  p,...u,.  »  th.  n,.»  cl  ..rbon  „d  „i..  .  d....".í.  »''* 
„.ulU  in  tu.  t..l.tanc.  .f  th.  í.ld  .ir.u.t  b.,.g  tn.r.u.d.  Th. 
ľ.«..ľm  «.ld  ,..i.t..,.  .hu...  .  d..,.».  1.  «.ld  .."»•  "d 
r„..  .  d..,o...  i.  gon.,...d  v....g..  Th.  ,.g...t.,,  ....».l  . 
.ut.ut  llghtl.g  ™lt.h  .nd  aaim«t.r  ar.  .ombm.d  .n  a  ...gl. 
ľn"  and  L»nt,d  o.  th,  da.h.  Th.  v.ltag.  ot  th...  .J.t.m.  may 
bc  .ith.r  6  or  12  volts. 

Boach  IgDÍtion  and  Lightmg 

Tb.  BoiKh  igaltioa  a.d  llgHi"í  V«™  tamblm,  la  ™  ™l*  • 

hlgh-t..™.    m.g..t<.   ..d    .   di,«tc.r™.t    .hu.t.>,.nd    l.ghl.ag 

gen.rator.    Each  electric  sourc.  i.  ab.olutely  independent  of  th. 


other,  and  eicept  for  the  fact  that  th.  two  unita  ar.  c.mbmed  m 
on.  houaing  they  ar.  to  all  int.nts  and  purpoB.s  entirely  distinet. 
Either  on.  .an  opcrat.  independently,  and  the  operation  or  non- 
Operation  of  on.  docs  not  in  any  way  affect  tb.  othet. 

Th.  ignition  s.ction  is  a  tro.  high-t.nsion  magnelo.  Tb.  eon- 
tt.ctioD8  comprÍB.  only  the  ne.esaary  .abl.a  betw.en  th.  tnagneto 
and  apatk  pluga.    Ther.  i.  no  coil.  no  ..párate  tim.r  and  no  .om- 
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pUcationi  ol  wirea.  Tbe  batterj  ia  uaed  only  In  the  ligbting 
circnit  and  la  no  way  la  a  part  ot  tbe  i|;nitioa  ajstem  ot  aMiats 
in  the  generation  oí  igaUioa  cuircnt. 

The  generátor  section  is  a  direcl-current  ahunl-wouDd  raaehlne 
whilc  charging  but  ia  Biraugťil  with  au  eitra  serieš  of  fleli),  which 
U  connected  in  serieš  witb  b  lighting  awitch,  ao  that  all  tbe  lighť 
ing  currcnt  poBsea  througb  the  aeries  field  and  materiaJlj  increasea 
the  output  of  tbe  macbine  when  running  under  loaded  eonditiona. 

The  wiring  ia  verj  aimple,  but  one  cable  from  the  generátor  to 
the  batierľ  and  a  aecond  cable  from  the  generátor  to  the  dU- 
tribution  awitch. 

The  Boach  ignition-lighting  unit  shoim  in  Fig.  313  ia  for  nae 
on  motor  tare  and  the  one  shonn  in  Fig.  314  ia  for  nse  on  moip*- 


CHAPTERXXXn 

Dyneto  Electňcal  Systems 

THB  ^neiator  for  the  Djneto  two-unlt,  6'Volt,  single  or  tvio- 
wire  BYstem  is  a  foar-pole  ahunt-wound  machine  whose  o«t- 
put  íb  regulated  by  an  electromagnetic  type  ot  regulátor  or  bj 
the  third-bruah  metbod,  depeading  úpon  the  type  of  machine  uaed. 
The  circuit  betweeo  the  generátor  and  the  batterj  ia  controlled  bf 
an  clectromagnetic  culout,  combined  with  the  regulátor,  wben  a 
regulátor  íb  used.  A  aection  of  this  combined  unit  ia  Bhown  in 
Fíg.  315,  and  a  diagram  of  the  eounectiona  is  given  in  Fíg.  316. 
The  winding  A,  Fig.  315  is  ronnected  acrosa  the  terminalB  of  the 
generátor,  and  hb  the  voltage  of  the  generátor  builda  up  the  eut- 
rent  in  thia  winding  increasea  in  valne  until  the  a 


Fia.    816 — WMng    Hagram    o] 

Dyittia    fombined    ch  ton  t    and 

rtoulatOT 
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/*ŕ99.  317  and  318 — Vľiring  diagrame  of  Dgncto  ftinylC'^irr,  upper, 
and  Diftivto  ttco-íctre,  loíccr,  ttystťms 
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drawD  up  and  the  contacts  C  and  D  brought  together.  Whea  the 
eoDtacta  C  and  D  are  brought  together  a  circuit  íb  completed 
Ihrough  the  generátor,  batterj  and  the  coil  E,  which  ia  made  of 
heavy  wire  and  comparativelj  few  turné.  While  the  generátor  ia 
charging  tbe  battcry  the  magnotizing  actiona  in  the  tno  coils 
Bsaist  cacb  other,  and  as  the  charging  current  incrcases  tbia  .nag- 
letiziag  action  increaaca.     The  maeuetizing  action  finally  rcachea 


454  AUTOMOBILE  ELECTBICAL  SYSTEMS 

0p«rating  BB  B  generátor  ii  coDtroUed  hy  a  combinatioii  of  tba 

tbird-bruah  aud  buehing  äeld  methadn. 

A  typieal  niriug  iliagram  of  a  s7Btem  of  thia  kind  is  abown  in 

Fig.  321.     A  ŕroDt  view  of  the  atarting  swilch  is  ahowa  in  Fíg. 

322,  and  it  ii  mountcd  on  tho  dash  within  easj  reaeh  ol  the  driver. 

Thia  awitch    bas   three   poaitiona    marked   "oB,"   "neutral"   ot 

''tourÍDg"  and  "štart."     Tbc   ignitioa   circuit  ia  eontrolled   bv 

tbis  Bame  awitch.  Tho  ueutral,  or  touring,  positioa  ia  for  1od)c 
drives  with  a  fullj  charged  batterj,  and 
witb  the  awitch  in  thia  poaition  the  igni- 
tion  systém  íb  in  operation,  bat  tbe  gen- 
erátor will  not  chargé  the  batter;.  When 
tbc  Bwitcb  b  in  tbe  starting  poaition 
the  battcrj'  and  electrical  unit  are  eon- 
nccted  directl;  togetber  and  tbe  batterr 
will  chargé  as  long  as  the  voltage  of  the 
clectrical  unit  b  above  the  voltage  of  tbe 
batter;.  When  the  voltage  generated  in 
the  armatúre  winding  of  the  electrical 
unit  íb  leas  tban  tbe  voltage  of  tbe  bat- 
Fia.  322— Dffnrto  tery,  tbe  batlery  will  diacharge  and  the 

„«rtine  évHtch  clectrical  unit  wiU  act  aa  a  motor  and 

transmit  poirer  to  the  cngine. 

No  íuaea  are  provided  in  Ibc  main  circuit,  bnt  tbe  diSercnt  lamj> 

circuitB  are  fused  separatcly  aa  indieated. 
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Heinze  Electrical  Systems 

THE  genvr&tor  in  the  Heinze  two-unit,  B-volt,  aiDgle-wire  gjBtem 
íb  &  rectangular  frame,  four-pole,  6-volt  tnacbine,  and  &  abuDt 
wioding  is  provided  on  eaeh  of  the  field  polca.  An  ignition  breaker 
aad  distribotet  ate  mounted  on  the  eominutator  end  wbíeh  ia 
opposite  the  dríve  eud.  The  generátor  complete  U  ehown  in 
íig.  323. 

The  oatpat  of  the  generátor  íb  regulated  b^  an  electromagnetie 
regulátor  combined  witb  the  electromagnetie  cutout.  The  com- 
bined  cutout  and  regulátor,  together  with  the  ignition  eoil,  may 
be  mounted  on  top  of  the  generátor  or  theľ  uiajr  be  mounted  on  the 
engine  aide  of  the  dash. 

The  Btarting  motor  is  a  rectanguUr  frame,  four-pole,  Mrieš- 
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wound,  6- volt  maehine  very  similar  in  appearanee  to  the  gen- 
erátor. 

The  combined  starting,  lighting  and  ignition  switch  íb  moante«i 
on  the  dash  within  easy  reach  of  the  driver.  The  starting  switch 
íb  operated  by  a  button  which  projects  through  the  center  of  the 
main  switch,  while  the  lighting  and  ignition  eircuits  are  operatéri 
by  a  Totating  arm.  The  resistance  for  dimming  the  headlights  is 
inclosed  in  the  switch. 

TypiCTil  Hcinse  IntlallatioD 

Two  wiring  diagrams  of  the  Heinze  installation  on  the  Rcgal 
4-32  car  are  given  in  Figs.  324  and  325.  The  extemal  eonneetiona 
are  shown  in  Fig.  324  and  the  internal  connections  are  shown  in 
Fig.  325. 


CHAPTER  XXXIV 

Allis-Chalmers  Electrical  Systems  . 

THE  generátor  and  motor  functions  may  be  performed  by  thc 
samé  machine  or  they  may  be  performed  by  entirely  separáte 
maehines.  The  single-unit  systém,  however,  is  the  more  com- 
monly  ased  equipment  for  motor  ears. 


otstmmnoniZ** 


eUTTlM 


i> 


7ÄILLMHT 


Fig.  326 — Wirinff  áiagram  oj  AlliB-Chalmerš  inatoflation  on  the 

Qrant  sLs 


k 
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Smi^e-Umt,  6-Volt,  Single-VKr^ 

The  electrical  unit  for  this  systém  eonsists  of  a  compound  wound 
four-pole  combined  generátor  and  motor.  The  armatúre  shaft  of 
the  electrical  unit  is  connected  to  the  engine  crankshaft  hy  a 
silent  chain  or  reduction  gearing  and  no  overrunning  clutch  of  any 
kind  is  used. 

The  output  of  the  electrical  unit  when  operating  as  a  generátor 
is  rflgulated  by  an  electromagnetic  type  of  regulátor.  The  regu- 
látor apd  electromagnetic  cutout  are  combined  in  a  single  unit. 
Two  types  of  combined  cutout  and  regulátor  are  used.  One  type 
is  mounted  in  a  rectangolar  box,  and  the  other  type  is  mounted  in 
a  cylindrical  metal  box. 

Instellatijm  on  Gruit  SOk 

A  wiring  diagram  of  the  Allis-Chalmers  installation  on  the 
Grant  six  is  shown  in  Fig.  326.  This  is  a  single-unit^  six-volt, 
single-wire  systém.    The  Atwater-Kent  ignition  systém  is  os^. 


A 


CHAPTER  XXXV 

Disco  El«ctrical  Systems 

GENEBATOR  and  motor  actioDB  in  the  DUeo  aingle-unit,  12- 
volt,  single-nire  are  combiDed  in  a  single  unit  whose  arma- 
túre Í8  eonnected  tneehanicallr  to  the  ensine  crankshaft.  The 
electrieal  unit  ia  a  two-pole  maehine  with  a  serieš  aod  sbant  wind- 
íng  on  eacb  of  the  poles.  SectioDal  viens  of  the  generátor  are 
BhowQ  ÍD  Fíg.  327.  The  regulatiOQ  of  the  ontpnt  of  the  maehine 
whea  operating  as  a  generátor  ia  bir  a  combination   of  eleetro- 
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magnetic  and  bucking  field  types  of  regalation.  A  Ward-Leonard 
type  CD  eombined  cutont  and  regulátor  is  naed.  A  wiring  dia- 
gram of  a  systém  of  this  kind  is  shown  in  Fig.  328. 

Two-Unit,  6-  or  12-Volt 

The  Disco  two-unit  systém  makes  use  of  both  reetangnlar  and 
round  f  ráme  generators  and  motors^  imd  they  operate  at  6  or  12 
volts,  depending  on  tke  installation.  In  some  installations  the 
two  units  are  monnted  above  eaeh  other^  and  they  usually  are 
connected  direet  to  the  crankshaft  by  gears  or  silent  ehain  and 
overmnning  eluteh.  Both  machines  are  bipolar.  The  generátor 
i8  a  componnd-wonnd  maehine,  and  its  output  is  controlled  by  the 
bucking  field  method  of  regulation.  The  starting  motor  is  a  serieš- 
wound  motor.  The  circuit  between  the  generátor  and  the  bat- 
tery  is  controlled  by  a  Briggs  &  Stratton  cutout. 


PiSCOMMCCr    AT  X'  4NI 

msuLMt  TiRMiNAi  ir 

BATTCirr  IS  DlSCOMNfCTCO 


Fig,  328 — WirifK'  diagram  of  the  Dltoo  šingle-unit  inHaUaUom 
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Ward  Leonard  and  Detroit  Systems 

SEVERAL  companiea  use  equipment  made  bj  the  Ward  Iieonard 
company,  prineipallj  coDtroIlera,  in  combÍDation  irith  equ^)- 
ment  made  by  themaelveH,  šuch  as  generators  and  motors,  and 
Bystems  made  up  in  tbig  way  tne  known  by  the  name  Wsrd 
Leonard,  the  name  of  the  company,  or  combination  of  the  two. 
Thus  the  Detroit-Ward  Leonard  equipment  Í8  a  combination  of 
Detroit  and  Ward  Leonard  equipment. 

Ward  Leonard  System* 

The  Ward  Leonard  syatemB  uae  a  6-volt,  two-pole,  ahunt  gen- 
erátor and  a  four-pole  aeriea-wound  atarting  motor.  The  output 
of  the  generátor    Is    controUed  by  a  Ward  Leonard  controller. 


ng.  829 — Ettemta  vtevi  of  tvpv  00  Ward-Leonarú 
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In  8ome  installatíonB  the  motor  is  eoímoeted  to  tfae  engine  bf 

a  Bendix  drive,  while  in  othera  a  special  piniun  ia  uaed,  aod 
thlH  pinion  is  operated  by  the  pedál  connected  to  the  startiiig 
switch. 

Several  types  of  controUers  háve  been  made  by  the  Wara 
Leonard  company,  and  three  of  them  are  known  aa  type  £,  type 
CC  and  type  CD.  The  type  £  is  uaed  with  the  Ward  Leonard 
systém  and  the  other  types  sold  to  companies  who  did  not  make 
their  own  controllers.  Two  electromagnets  are  used  in  the  type 
£  controller,  one  for  the  cutout  and  one  for  the  regulátor.  In  the 
types  CC  and  CD  one  electromagnet  is  used,  and  the  only  diíFerence 
in  these  two  types  is  that  the  type  CD  has  the  resistance  eoil 
mounted  externally.  An  external  view  of  the  type  CC  cutout 
and  regulátor  is  shown  in  Fig.  329. 

Detroit  Electrical  Systems 

The  Detroit  Štartér  Co.  make  both  a  single-  and  two-unit  sys- 
tém. The  single-unit  systém  has  three  terminals  and  usually  is 
mounted  on  a  bracket  alongside  the  engine  and  connected  to  the 


Fig.  330 — Detroit  inntaUation  on  the  8a*on  »U 


engine  or  crankshaft  by  a  silent  chaiii.  A  type  CD  Ward  Leonard 
controller  is  used  to  regulate  the  output  of  the  machine  when  it  in 
operating  as  a  generátor. 

The  two-unit  systém  is  very  similar  to  the  Ward  Leonard  sys- 
tem  described.    The  generátor  element  is  a  two-pole,  rectangnlar- 
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frame,  shunt-wound  machine,  and  a  type  CC  Ward  Leonard  eon- 
troUer  is  used  in  regulating  its  output.  The  motor  is  a  two-pole 
rectangnlar-frame,  series-wound  machine^  and  a  Bendix  drive  is 
used  in  connecting  it  to  the  engine. 

The  wiring  diagram  of  a  Detroit  installation  on  a  Saxon  six  íb 
shown  in  Fíg.  330.    This  is  a  two-unit,  6-volt,  Bingle-wire  gyBuan, 


CHAPTER  XXXVn 

Maintenance   and   Repair   of   Electrícal 

Equipment  and  How  to  Diagnose 

Electrícal  Troubles 

PART  I 
PomU  on  Mamtenance  and  Repair 

Electrícal  troubles  may  be  divided  roughly  into  three 
classes,  namely,  troubles  due  to  wear  of  so-called  wearing 
partSy  derangement  of  the  wiring  and  connections  and  internal 
electrícal  defects.  Of  these  the  average  garage  repairshop  should 
be  equipped  to  handle  the  first  two,  while  the  last  mentioned  class 
should  be  taken  čare  of  in  electrícal  servíce  stations  or  repair- 
shops.  To  do  the  ordinary  electrícal  repair  work  remarkably  lit- 
tie  equipment  is  needed  beyond  that  found  in  every  machine  ahop. 

Soldering  JoínU  in  Vi%ing 

A  good  part  of  all  electric  work  consists  in  making  soldered 
joints,  and  a  soldering  outfit  is  a  first  requisite.  This  consists  of  a 
soldering  iron,  Fig.  331,  or,  preferably,  several  soldering  irons  of 
differeut  size,  a  supply  of  solder  in  wire  form  and  soldering  fluid 
or  ílux.  In  most  of  the  work  the  ordinary  soldering  ilux,  consist- 
ing  of  a  solution  of  ziuc  chloride,  can  be  used,  but  where  a  high 
degree  of  insulation  is  required  and  where  soldered  joínts  háve  to 
be  made  to  parts  of  different  electrícal  pressurc  that  are  80}>a- 
rated  only  by  thin  stríps  of  insulating  materiál,  a  non-acid  ílux. 
of  which  there  are  several  on  the  market,  sometimes  is  uspil. 
Rosin  will  serve  the  purpose.  Nonc  of  these  special  íluxes  make 
the  solder  run  as  freely  as  the  reguiar  flux,  as  they  do  not  dis- 
solve  the  layer  of  metallic  oxide  on  the  surfaces  to  be  soldered  aa 
quickly.  Thé  ordinary  soldering  ílux  usually  is  purchased  in  tbc 
form  of  a  salt,  and  the  iluid  ílux  is  made  up  as  required. 
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When  making  a  soldered  joint  between  two  wiresj  the  insulatioii 
Í8  pared  off  f  or  a  certain  length,  the  wires  are  cleaned  mechanically 
by  sandpaper  or  emery  cloth,  twisted  together,  daubed  with  solder- 
ing  ílux  by  a  stick  or  swab  and  soldered.  In  making  joints  be- 
tween wires  insulated  with  cotton  or  silk,  commonly  known  as 
magnet  wires,  it  is  not  necessary  mechanically  to  clean  oíF  the 


Fig,  331 — Soldering  iron 


|jg£tfiÍS8gKfi^ 


3C 


■mm^jážAff^jj^ 


IHUf  or  mUlf  PARLD  AND  CLEANED 


ENOT  OF  WIRE/ 
JTLICED  AND  JDLDERED 


JOINT 
TAPED 


Fiff.  332 — Variouš  steps  in  making  a  wire  joint 


ends  of  the  wire,  which  is  comparatively  clean  when  the  insula- 
tion  is  stripped  off.  But  rubber  or  composition-covered  wire  should 
be  scraped  or  rubbed  off.    The  steps  are  shown  in  Fig.  332. 

Soldered  and  similar  joints  are  insulated  by  adhesive  or  fric- 
tion  tape,  which  comes  in  rolls.  This  is  wrapped  around  the  wire 
in  heliz  fashion,  with  successive  turns  overlapping.  The  tape  is 
wrapped  over  a  aufficient  length  of  the  wire  at  the  jolnt  to  eztend 
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a  short  dištance  over  the  insulation  on  both  sidea  of  it.  The 
warp  of  the  tape  fabric  runs  parallel  with  the  tape,  and  the  latter 
can  be  tom  rcadily  into  two  or  even  more  stríps  if  the  %ize  of  the 
joint  permits  of  more  neatly  wrapping  the  narrow  strip  than  the 
full  width  of  the  tape.  Owing  to  the  adhesive  quality  of  the 
tape,  the  end  noed  not  be  espocially  fastened. 

A  eonnection  between  a  wire  and  a  stationary  part  never  should 
be  made  by  wrapping  the  bare<l  wire  around  a  screw  or  binding 
post  and  sorewing  a  nut  down  úpon  it.  Šuch  a  joint  does  not 
furnish  a  good  eonnection.  Besides  the  wire  will  break  off  after 
having-  been  fastened  and  loosened  a  few  times.  Connectors 
should  be  soldered  to  the  ends  of  the  wires  and  drilled  to  pass 
easily  over  the  binding  posts.    Šuch  joint  s  can  be  brok  en  and  re- 
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Fig.  383 — Methodt  o  f  connecting  to  terminál  po§t»,  gnmné,  tie. 


made  any  number  of  times  without  trouble,  and,  besides,  they  give 
a  large  effective  contact  area.     See  Fig.  333. 

To  insure  the  durability  of  the  wiring  no  part  of  it  mušt  be 
subject  to  vibration.  This  is  fully  cared  f  or  in  most  modem  ma- 
chines,  in  which  the  wires  are  run  through  ílexible  metal  conduita. 
When  this  is  not  used,  it  is  well  to  fasten  the  wire  down  by  eleats 
in  a  substantial  manner.  Also,  in  replacing  parts  of  the  wiring 
systém  wires  of  substantially  the  samé  size  as  the  originál  one 
should  be  used.  No.  14  B  &  8  gage  is  used  largely  f  or  lighting  and 
charging  circuits  and  No.  00  for  štartér  connections. 

In  a  ground  retum  single-wire  systém  there  are  many  gronad 
connections,  and  these  are  likely  to  give  some  trouble.  The  biub- 
ber  of  connections  is  no  greater  than  in  any  insulated  retum  wir> 
ing  systém,  but  in  the  latter  ease  the  conductiag  mutmtm  91  ttt 
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joint  are  usaally  both  of  non-eorrosive  metalsj  whereas  the  groiind 
connections  generally  háve  to  be  made  to  parts  subject  to  rust. 
An  eapecially  good  ground  connection  has  to  be  ma  de  in  the  štart- 
ing  motor  circuit,  as  this  has  to  carry  a  very  heavy  current,  and  a 
poor  eontact  would  greatly  cut  down  the  power  and  cranking 
speed  of  the  starting  motor.  Therefore,  if  a  starting  motor  seems 
to  be  not  quite  up  to  power,  af  ter  having  made  súre  hy  an  hydrom- 
éter  test  the  battery  eontains  suflScient  chargé,  the  contacts  and 
joints  in  the  štartér  circuit  should  be  examined,  particularly  the 
štartér  switch  contacts  and  the  ground  connection  joints.  To 
secure  the  good  electrical  eontact  necessary  for  the  štartér  ground 
connection,  a  brass  plate  often  is  riveted  to  the  f  ráme,  and  the 
connector  lug  on  the  ground  wire  is  bolted  to  this  plate.  Besides 
being  riveted  the  brass  plate  may  be  soldered  to  the  frame,  so 
rust  or  dirt  cannot  impair  the  contacts. 

Čare  of  Generaton  and  Starting  Moton 

Charging  generators  and  starting  motors  are  virtually  the 
samé  type  of  machine  and  subject  to  the  samé  troubles.  The 
bearings  of  both,  of  course,  require  oiling  occasionally,  but  as 
these  maehines  mostly  are  fitted  with  anti-friction  bearings,  only 
a  small  amount  of  oil  is  required,  and  no  serious  trouble  is  likely 
to  result  from  lack  of  lubrication,  as  the  only  object  of  the  lubri- 
eant  in  balí  and  roller  bearings  is  to  prevent  rusting  of  the  parts. 

It  has  been  a  mootable  question  as  to  whether  commutators 
should  be  lubricated.  Some  makers  advise  strongly  against  any 
lubrication,  on  the  ground  that  excessive  lubrication,  which  is 
always  possible  if  an  unskilled  or  careless  person  looks  after  the 
machine,  gives  rise  to  no  end  of  trouble.  The  carbon  brushes,  as 
well  as  the  commutator  copper  bárs,  wear  away  in  service,  and 
metal  and  carbon  dust,  which  conducts  electricity,  accumulates 
within  the  generátor  or  motor.  If  the  interior  of  the  machine  is 
kept  dry,  this  dust  can  be  blown  out  at  intervals,  but  if  there  is 
an  excess  of  oil  in  the  machine  the  dust  will  cake  on  the  various 
parts,  forming  shorťcircuits,  grounds,  etc.  On  the  other  hand, 
it  cannot  be  denied  that  a  t  h  in  film  of  oil  on  the  commutator  will 
cut  down  the  brush  friction  and  reduce  not  only  the  heating  of 
the  commutator  and  loss  of  energy  but  also  the  wear  of  the  com- 
mutator and  brushes.  The  best  way  to  apply  the  oil  to  the  com- 
mutator, and  at  the  samé  time  make  súre  that  there  will  be  no 
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excese  of  it,  is  to  dip  the  finger  slightlj  into  the  oil  and  then  hold 
it  to  the  commutator  as  the  latter  revolves. 

Of  the  wearíng  parts  of  generátora  and  motora  those  that  re- 
quire  the  most  attention  are  undonbtedly  the  brushes.  These  most 
slide  freely  in  the  brush  holders  and  yet  mušt  make  good  elee- 

trical  contact  with  thenu 
Where  very  heavy  cvrrenta 
háve  to  be  carried,  as  in 
starting  motors,  some  makers 
consider  i  t  inexpedient  to  de- 
pend  on  the  frictional  eon- 
taet  between  the  brush  and 
the  holder  to  eonduct  the 
eurrenty  and  short  flexible 
cables,  known  as  pigtails, 
whose  ends  are  fastened  to 
the  brushes  and  the  holders 
respectively,  are  provided. 
In  order  that  the  electrieal 
resistance  between  the 
brushes  and  the  commutator 
may  not  be  too  great,  the 
brushes  mušt  be  pressed 
firmly  against  the  commuta- 
tor, and  this  is  the  object  of 
the  brush  springs.  With 
many  designs  of  brush  hold- 
ers the  pressnre  of  the 
springs  varies  as  the  brushes 
wear  down,  and,  therefore, 
when  the  brushes  become 
too  short  they  should  be  replaced.  New  brushes  mušt  be  fittrd 
or  bedded  to  the  commutator.  To  this  end  a  strip  of  sandpaper 
is  placed  over  the  commutator  under  one  set  of  brushes,  with  the 
paper  toward  the  commutator.  Then,  while  one  man  presses  the 
brushes  down,  another  draws  the  sandpaper  back  and  forth  over 
the  surface  of  the  commutator,  thus  wearing  the  contact  sur- 
face  of  the  brushes  down  until  it  nicely  fits  the  eontonr  of  the 
commutator.  See  Fig.  334. 
Another  wearing  part  of  electric  machines  is  the 


Fiff.  334 — Beäding  a  new  brush  to  the 
commutator 
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Thia  generally  is  built  up  of  štandard  eopper  aegments  with 
BtripB  of  mica  betwcen  tot  insulation.  After  the  aart&ee  ou  whieb 
the  bruahes  bcar  bas  become  rough,  it  U  impossible  to  aecure  good 
eteetrical  coniact,  and  the  commutator  then  mušt  be  tnrned  dowD 
in  a  latbe.  This  job  can  be  done  in  aay  ordinar;  repairshop.  Tbe 
armatúre  is  removed  from  the  machine  and  swung  between  cen- 
ters  in  the  latbe,  and  cuta  are  taken  over  the  whole  widtb  of  the 
bearing  surface  of  the  cominutator  until  it  is  absolutelj  cylin- 
drical,  that  íb,  until  all  sigaa  of  the  old  bearing  surface  bave 
disappeared.  At  the  inner  end  of  the  bearing  surface,  just  in 
frout  of  the  commutator  luga,  a  shallow  groove  generally  is  eut. 
Fíg.  33Ó,  the  idea  being  that  at  least  one  of  the  brusbes  abalt 
extend  over  the  edge  of  this  groove,  tbuB  preventing  the  wearing 
of  a  riJge  on  tbe  beariug  surface  of  the  commutator. 

The  armatúre  alwaya  has  a  slight  amount  of  end  play  in  ita 


Fig.  33S—aroove  al  inner  eige  0/  Ihe  eommuialor 

bearing,  and  if  a  ridgc  were  allowed  to  form  on  the  surface  of 
the  commutator,  as  tbe  armatúre  played  baek  and  fortb  in  the 
direction  of  the  ahaft  axis,  the  brusb  would  clinch  tbe  ridge  and 
thua  partly  break  contact  with  tbe  commutator,  cansing  apark- 
ing.  Afier  the  commutator  haa  been  tnrned  down  a  couple  of 
timeB,  the  bárs  or  seetors  become  ver;  thin,  and  it  then  becomes 
neeessarjr  to   refili   it.     This  involvea  the  uaaoldering  of  all   the 
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armatúre  wires,  called  leads,  from  the  commutator  lugs  and  the 
reiDOval  of  the  commutator  from  the  armatúre  shaft. 

The  aetual  refilling  of  the  commutator  probably  is  beat  left  to 
the  maker's  serviee  station,  as  it  would  involve  too  múch  trou- 
ble  for  the  repairman  to  get  hard  copper  segmente  of  the  proper 
size,  as  well  as  sheet  mica  properly  cut,  besides  making  a  special 
clamp  for  assembling  the  bárs.  Instead  of  refilling  the  old  com- 
mutator sleeve  a  new  commutator  may  be  fitted.  These  come 
with  the  lugs  already  slotted  for  the  leads,  and  all  that  has  to 
be  done  after  the  commutator  is  fitted  to  the  shaft  is  to  solder 
the  leads  into  the  slots  and  possiblj  to  put  on  a  bánd.  In  soldering 
čare  mušt  be  taken  not  to  produce  a  short-circuit  between  adja- 
cent   bárs,  or   segments. 

Sometimes  it  -wil]  happen  that  the  mica  plates  between  adja* 
cent  commutator  segments  project  slightly  above  the  surface  of 
the  commutator  and  prevent  intimate  contact  between  brushea 
and  commutator  segments.  Mica  is  exccedingly  hard  and  wears 
less  rapidly  than  copper.  The  result  is  destructive  sparking  at 
the  brushes.  To  obviate  šuch  trouble  the  mica  may  be  undereut 
slightly  below  the  surface  of  the  commutator. 

One  of  the  causes  of  a  generátor  failing  to  pick  up  is  an  open 
field  circuit.  After  a  thorough  inspection  of  the  brushes  and  when 
application  of  pressure  to  them  has  failed  to  remedy  the  trou- 
ble, the  field  circuit  should  be  investigated.  All  generátora  of 
motor  car  electric  systems,  except  those  in  which  the  field  is  pro- 
duced  by  permanent  magnets,  háve  shunt  field  windings,  and  the 
break  may  be  either  in  the  windings  at  their  connections  to  the 
generátor  terminals  or  in  the  regulating  resistances  sometimes 
connected  in  serieš  with  the  shunt  field  coil.  A  test  for  eon- 
tinuity  of  the  field  circuit  can  be  made  by  removing  one  set  of 
commutator  brushes  and  also  disconnecting  the  battery  cutooi. 
Then  the  test  points  applied  to  the  generátor  terminals  shonld 
show  a  complete  circuit  through  the  field. 

Regulatmg  Genermtor  Oolpiit 

Some  equipments  are  fumished  with  means  for  regulating  the 
rate  of  chargé,  and  this  mušt  be  considered  a  very  useful  feature. 
Of  some  other  adjustable  motor  car  parta  it  is  aaid  thkt  they  are 
set  at  the  factory  and  should  never  be  disturbed,  bot  this  does 
not  always  apply  to  the  chargé- regulating  device.    Some 
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tors  drive  under  sneh  conditions  that  very  little  carrent  ia  used  f  or 
starting  and  lighting  but  the  battery  Í8  being  charged  nearly  all 
the  time  the  car  Í8  on  the  road.  In  this  čase  there  is  naturally  a 
tendency  to  overcharging.  Overcharging  results  in  a  constant 
loss  of  energy,  in  the  production  of  eorrosive  fumes  from  the  bat- 
tery electrolyte  and  deterioration  of  the  battery.  Other  operá- 
tora, who  do  múch  city  driving  at  night,  use  a  great  deal  of  cur- 
rent  for  starting  and  lighting,  and  owing  to  legal  and  traíBc 
conditions  seldom  can  drive  at  a  speed  where  the  generátor  is 
sending  its  íhW  charging  current  into  the  battery.  In  their  čase, 
therefore,  a  tendency  to  undercharging,  is  a  múch  more  serious 
matter  than  overcharging  and  also  múch  more  common. 

An  undercharged  battery  gives  a  dim  light,  is  incapable  of 
cranking  the  engine  and  deteriorates  rapidly.  Therefore,  it  is  es- 
sential  that  the  rate  of  chargé  be  regulated  to  suit  the  conditions 
of  operation.  The  most  suitable  rate  of  chargé  varies  even  with 
the  seasons,  as  in  summer  less  current  is  required  both  for  lighting 
and  starting,  for  lighting  because  of  the  relatively  múch  longer 
periód  of  daylight  and  for  starting  because  during  the  warm 
season  an  engine  cranks  easier  and  picks  up  its  cycle  qoicker 
than  in  extréme  cold. 

Čare  of  Storage  Battery 

Two  things  in  regard  to  the  battery  should  receive  constant 
attention  if  the  battery  is  to  be  kept  in  condition.  Distilled  water 
mušt  be  added  at  intervals,  and  the  battery  always  mušt  be  kept 
in  a  fair  state  of  chargé.  The  hydrometer  test  gives  the  most 
reliable  Information  as  to  the  amount  of  chargé  in  the  battery. 
Water  is  added  by  a  rubber  bulb  siphon  which  permits  of  ac- 
curately  adjusting  the  level  of  electrolyte  in  the  cells. 

Every  garage  owner  who  has  direct-current  service  mains  in 
hi8  establishment  should  rig  up  a  low-voltage  battery-charging 
apparatus.  This  comes  very  handy  in  recharging  ignition  bat- 
teries  and  in  ' '  f reshening "  starting  and  lighting  batteries  from 
cars  pat  up  for  the  winter  or  when  the  generátor  will  not  keep 
up  the  chargé.  The  materiál  required  consists  of  a  couple  of  10- 
ampere  fuses,  a  double-pole  single-throw  10-ampere  knife  switch, 
a  rack  containing  seven  or  eight  lámp  sockets,  a  corresponding 
number  of  earbon  filaments,  32-candlepower  bulbs  and  some  rub- 
ber-insulated  wirQ  about  No.  14  B  &  B  ^age.    As  shown  in  Fig. 
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336,  the  fuses  and  switch  are  mounted  on  a  board  secured  to  the 
wall  at  a  eonvenient  height.  The  lámp  rack  aUo  is  secured  to 
the  wall,  at  šuch  a  height  as  to  minimize  the  danger  of  injury  to 
the  bttlbs. 

From  the  mains  wires  are  run  to  the  fuses  and  from  these  to 
the  upper  terminals  of  the  switch.  From  the  lower  terminaU  one 
wire  Í8  run  to  the  battery  to  be  charged  and  the  othcr  to  the  lámp 
rack.  The  lámp  sockets  all  are  connected  in  parallel,  that  is, 
one  wire  connects  to  one  terminál  of  each  lámp  socket  and  an- 
other  wire  to  the  other  terminál  of  each  socket.    The  remaining 
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Fiff,  836 — Battery  charging  out/lt 


lámp  rack  terminál  is  connected  to  the  storage  battery  to   be 
charged.    This  completes  the  charging  circuit. 

In  order  that  current  from  the  mains  may  flow  throogh  the 
battery  in  the  proper  direction  for  charging,  the  positive  side 
of  the  line  mušt  be  connected  to  the  positive  terminál  of  the 
battery.  The  battery  generally  is  marked  with  a  plua  ng&j  bat 
the  positive  side  of  the  line  has  to  be  determined.  One  way  Sa  to 
hold  the  two  wires  to  the  battery  terminals,  first  in  one  wa^ 
then  in  the  othe^i  and  obterve  the  lampa.    The  eoi 
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gives  the  least  light  is  the  correct  one.  The  reason  for  this  Í8 
that  when  the  battery  is  connected  to  the  lines  in  the  proper 
direction  the  battery  voltage  opposes  the  line  voltage  and  the 
vdltagc  on  the  lamps  is  equal  to  the  difference  beween  the  two, 
whereas  when  the  battery  is  connected  the  wrong  way  the 
voltage  of  the  line  and  that  of  the  battery  added  together  and  the 
lamps  will  be  more  than  usually  bright.  After  the  positive  side 
of  the  line  has  been  determined  it  should  be  marked  on  the 
switches  so  it  does  noF  háve  to  be  f ound  every  tíme  it  is  desired 
to  chargé. 

Another  method  of  fínding  the  positive  side  of  the  line  Í8  to 
plače  the  two  wires  to  be  connected  to  the  battery  into  a  vessel 
with  slightly  acidulated  or  salted  water,  at  some  dištance  apart. 
Supposing  the  switch  to  be  closed,  the  two  wires  will  give  oíF  gas 
bnbbles,  and  the  one  giving  off  the  least  gas  is  the  positive  wire 
and  should  be  connected  to  the  positive  terminál  of  the  battery. 

PART  n 
Testmg  Equípinent 

The  sudden  advent  of  electrical  equipment  other  than  that 
required  for  engine  ignition,  some  four  to  five  years  ago,  con- 
fronted  motor  car  repairmen  with  problems  quite  new  to  them. 
Of  coursc,  there  had  been  a  certain  amount  of  electrical  equip- 
ment on  motor  cars  from  the  very  beginning,  but  there  is  lit- 
tle  comparison  between  the  simple  ignition  systém,  especially 
the  high-tension  magnete  systém,  with  its  minimum  of  exposed 
wiring,  and  the  rather  complicated  systém  of  wiring  for  a  com- 
piete  set  of  electric  lamps,  electric  horn,  Btarting  motor,  electric 
ignition  and  a  self-contained  electric  generating  systém.  The 
puzzling  náture  of  many  electrical  troubles  was  foreseen  by  some 
of  the  pioneers  of  the  industry,  and  its  realization  gave  rise  to 
the  argument  against  electric  ignition,  voiced  by  Levassor  among 
others,  that  on  a  gasoliue  motor  car,  everything — including  igni- 
tion— ^should  be  accomplished  by  gasoline.  Levassor  and  fol- 
lowers,  however,  proved  to  be  wrong  in  this  contention,  as  elec- 
tricity  has  not  only  w^on  a  complete  victory  in  the  ignition  field 
but  also  has  found  several  other  important  applications. 

In  the  čase  of  electrical  troubles^  the  main  thing  is  a  quick 
and  correct  diagnosis.     The  trouble  may  be  in  any  of  the  major 
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parts  of  the  sj'atetn  or  it  taaj  be  in  the  wiriug.  Tb«  natar«  of  th« 
Irouble  otten  partly  locates  it,  at  least  approximatelj.  For  in- 
stance,  if  &  single  lámp  will  uot  bum,  the  trouble  muat  be  eithcf 
in  the  bulb,  socket  or  wiríng  of  that  lámp.  It  cannot  be  ín  the 
batterf,  tbe  generátor  or  the  appurtenances  of  the  geaerating 
aj^tem,  because  anj  fault  in  theae  parts  would  afferl  all  tbe 
lampa  alike.  Similarlj,  if  tbe  starting  motor  refusei  to  crank 
tbe  engine,  the  trouble — if  the  engine  can  be  turned  bj  hand— 
m»y  be  in  the  atarter,  iti  wiring,  the  awitch,  the  batlerj  or  tbe 


rm.  33H~ArraHormeiit  of  U 


(.ľnetating  systém  of  the  lampa  burn  properlv,  the  trouble  la 
not  wiťi  the  battery  or  generating  aystem,  and  this  tett,  there- 
fore,  limita  the  neceasary  seareh   to  the  štartér,  tbe  switeb  and 


tbe  T 


ring. 


To  properly  diagnose  eleftrical  troubles,  it  ia  uetessary  to 
háve  a  certain  number  of  Icstiog  inslruments.  For  batterjr  trtta 
the  most  important  ia  the  battery  hydrometer,  Fíg.  33T.  For 
conveuienec  in  battery  toating,  the  hydrometer  genermlly  ia  piMed 
inside  a  syringe  or  fliphon  liy  which  a  eertain  amoant  of  alMtia 
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lyte  ean  be  withdrawn  quickly  from  each  celí  of  the  battery  and 
as  quickly  restored.  The  syringe  consists  of  a  substantially 
cylindrical  glass  vessel  with  a  spout  at  the  bottom  for  insertion 
into  the  battery  filling  hole  and  a  rubber  bulb  at  the  top.  By 
compressing  this  bulb,  then  inserting  the  spout  into  the  battery 
eell  below  the  level  of  the  electrolyte  and  then  releasing  the  bulb, 
sufficient  electrolyte  can  be  drawn  into  the  syringe  to  íloat  the 
hydrometer.  The  latter  is  an  inštrument  for  determining  the 
specific  gravity  of  a  liquid.  It  is  based  on  the  physical  law  that 
a  floating  body  displaces  as  múch  liquid  as  is  equal  to  its  own 
weight.  As  the  hydrometer  has  a  defínite  weight,  if  the  liquid 
in  which  it  is  immersed  is  relatively  light,  it  will  sink  into  it  to 
a  greater  depth,  thus  displacing  a  greater  volume  of  it  than  if 
the  liquid  is  relatively  heavy. 

The  stem  of  the  hydrometer  is  graduated  to  show  the  specific 
gravity  of  the  liquid  in  which  it  is  immersed^  at  the  level  of  the 
liquid.  Pure  water  has  a  specific  gravity  of  1.000  and  pure 
sulphuric  acid  has  a  specific  gravity  of  about  1.85.  The  extréme 
range  of  specific  gravity  of  storage  battery  electrolyte  is  about 
1.100  to  1.300.  As  the  chargé  in  the  battery  increases  during 
the  proeess  of  charging,  the  density  of  the  electrolyte  increases, 
and  vice  verša,  as  the  chargé  decreases  during  the  proeess  of 
discharge,  the  density  of  the  electrolyte  decreases.  At  full  chargé 
the  density  of  the  electrolyte  is  about  1.280^  and  when  a  battery 
is  completely  discharged,  the  density  is  about  1.120.  When  the 
density  is  midway  between  these  figures,  the  battery  contains  a 
half  chargé. 

The  simplest  indication  of  a  current  flowing  in  a  circuit  is  a 
spark  obtained  on  breaking  the  circuit  at  any  point.  A  storage 
battery  has  little  intemal  resistance  and  the  current  from  it 
usually  is  sufficiently  intense  to  give  a  clearly  visible  spark  when 
the  circuit  is  broken.  This  method  can  be  applied  in  various  ways 
to  determine  whether  or  not  a  circuit  is  faulty. 

Ammeter  and  Voltmeter 

An  ammeter  and  a  voltmeter  are  handy  instruments  for  trac- 
ing  electrical  troubles.  Reasonably  aceurate  instruments  can  bc 
purchased  now  at  comparatively  low  prices  and  in  the  hands  of 
a  man  with  some  electrical  knowledge  are  a  great  help.  For 
instance,  with  every  systém  of  electrical  equipment  the  charging 
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current  at  certain  engine  speeds  should  háve  a  certain  value. 
Therefore,  an  ammeter  test  of  the  charging  current  at  a  given 
engine  speed  would  show  whether  or  not  an  electric  charging 
systém  is  operating  as  it  should. 

It  may  here  be  explained  that  an  ammeter,  or  ampere-metcr, 
shows  the  quantity  of  current  in  amperes  flowing  in  a  circuit, 
while  a  voltmeter  shows  the  electrical  pressure  between  the  points 
to  which  the  voltmeter  is  connected.  An  ammeter  is  perhaps  of 
wider  use  in  diagnosing  troubles  than  a  voltmeter.  To  be  able  to 
properly  use  these  instruments,  the  operátor  has  to  be  familiar 
with  their  method  of  connection.  To  mcasure  the  current  flowing 
in  any  circuit,  the  circuit  is  opened  at  auy  point  and  the  ammeter 
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is  inserted  at  the  break.  On  the  other  hand,  if  it  Í8  desired  to 
determine  the  voltage  active  in  the  circuit,  the  voltmeter  mušt 
be  connected  differently.  The  highest  measurable  voltage  in  a 
circuit  is  at  the  terminals  of  the  current  suurce^  šuch  as  the 
battery.  Therefore,  to  measure  the  voltage  of  the  battery,  the 
two  binding  posts  of  the  voltmeter  are  connected  to  the  two 
terminals  of  the  battery  respectively.  Some  voltmeters  and  am- 
meters  are  polarized,  that  is,  they  háve  their  binding  posts  marked 
ploB  and  minus  respectively,  and  these  binding  posts  mušt  he 
connected  to  the  correaponding  sides  of  the  circuit.  With  otber 
types  of  instruments,  it  does  not  matter  which  way  they  are 
connected   in   circuit. 

For  determining  and  locating  troubles  in  the  wiring  aad 
of  electric  systems,  use  is  made  of  one  or  the  other  of  a 
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of  devices  giving  either  a  visible  or  an  audible  signál  when  a 
current  flows  through  them.  Thcse  include  incandescent  lámp 
bulbs,  bells,  buzzers  and  telephone  receivers.  The  bulbs  maj 
be  of  the  regular  house  lighting  variety,  llO-volts,  and  current 
from  the  service  mains  may  be  used.  In  that  čase  it  is  prefer- 
able  to  use  carbon  filament  bulbs,  as  these  will  withstand  more 
vibration  than  tungsten  filament  bulbs,  and  though  they  také 
more  current,  this  is  of  no  consequence  because  the  current  used 
for  testing  is  insignificant  in  any  čase. 

The  testing  lámp  is  arranged  as  illustrated  in  Fig.  338.  One 
of  the  two  strands  of  the  cord  leading  to  the  lámp  is  cut,  usually 
close  to  the  lámp,  and  to  each  end  thus  obtained  is  soldered  a 
length  of  lámp  cord  4  to  6  ft.  long,  the  soldered  joints  being 
carcfullj  taped  with  adhesive  tape  as  used  by  electricians,  to 
prevent  them  from  coming  in  metallic  contact.  The  other  ends 
of  these  two  wires  are  wrapped  around  and  soldered  to  steel  rods 
or  spikes  about  6  in.  long,  whose  free  ends  are  ground  to  a  sharp 
point.  The  parts  near  the  joint  of  the  wire  to  the  rod  is  heavily 
taped,  partly  to  form  an  insulating  handle  for  the  operátor  and 
partly  to  prevent  localization  of  bending  at  the  junction,  which 
would  result  in  an  early  break.  The  object  in  providing  the  rods 
with  sharp  points  is  to  permit  an  exceedingly  high  pressure  in 
proportion  to  the  area  of  contact  being  obtaine<l,  which  will  in- 
sure  metallic  contact  in  spite  of  any.  film  of  oxide  or  dirt  with 
which  the  metal  surfaces  may  be  covered. 

Instead  of  using  current  from  service  mains  and  110-volt  bulbs, 
current  from  a  low-voltage  battery,  šuch  as  an  ignition  or  car 
lighting  storage  battery,  or  a  dry  celí  battery,  may  be  used,  to- 
gether  with  a  low-voltage  lámp  or  bulb.  The  arrangement  is 
substantially  the  samé  as  in  the  previous  čase,  the  outfit  includ- 
ing  the  battery,  the  lámp  and  a  pair  of  contact  pins,  besides  the 
necessary  wiring,  as  shown  in  Fig.  339. 

A  dry  celí  battery  of  five  cells  is  somewhat  more  convenient 
for  this  work  than  a  storage  battery,  mainly  on  account  of  its 
lower  weight  but  also  on  acoount  of  its  greater  cleanliness. 
Though  modem  storage  batteries  are  practically  non-slopping,  the 
dry-cell  battery  has  absolutely  no  free  electrolyte,  which  is  bet- 
ter.  A  dry-cell  battery  also  ia  bcttér  adapted  than  a  storage  bat- 
tery to  the  service  of  furnishing  momentary  currents  at  more  or 
lesa  extended  intervals,  because  it  deteriorates  less  rapidly  dur- 
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ing  periods  of  non-use.  Of  course,  where  current  is  required  more 
or  lesa  continuously  and  in  considerable  quantityj  the  storage  bat- 
terj  has  the  advantage. 

Some  testers  prefer  devices  that  give  an  audible  indieation, 
and  in  this  class  belong  the  beli  and  buzzer^  Fig.  340j  on  the  one 
hand,  and  the  telephone  reeeiver  on  the  other,  Fig.  341.  The 
handiest  form  of  the  latter  type  of  inštrument  is  the  head  re- 
ceiver  as  used  by  telephone  operators  at  telephone  switchboards. 
It  has  the  advantage  that  it  does  not  háve  to  be  held  in  the  hand 
and  leaves  both  hands  free  for  manipulating  the  test  points  and 
making  and  undoing  connections.  Whether  a  beli,  buzzer  or  tele- 
phone reeeiver  is  used  to  indicate  current  ílow,  a  battery  most  be 
provided  to  fumish  the  operating  current.  A  couple  of  diy 
cells  will  give  a  clearly  audible  signál  with  any  of  these  devie 
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Fig.  340 — Buzzer  test  »et 


Current  indicators  giving  an  audible  indication  are  preferable 
to  lampSj  especially  where  continuous  tests  háve  to  be  made^  as 
in  testing  out  the  diíferent  sections  or  coils  of  an  armatúre.  In 
bright  daylight  an  incandescent  lámp  lighting  up  does  not  strongly 
imprcss  the  eye,  and  if  the  testing  points  are  moved  quickly  Írom 
onp  section  to  another,  the  observer  is  apt  to  fail  to  notiee  tbe 
light  signál.  Another  consideration  is  that  the  operátor  hrnm  to 
háve  his  eyes  on  the  points  when  establishing  contaet  aad  tlMi 
mušt  look  at  the  bulb  to  see  whether  it  is  lighted  op. 
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with  an  audible  signaling  device  he  need  not  remove  his  eyes 
from  the  contact  points. 

Because  of  the  low  voltage  of  the  batteries^  the  testing  devices 
deseribed  are  not  well  suited  in  čase  a  fairly  high  degree  of  in* 
Bulation  is  required.  It  is  then  better  to  use  a  testing  magneto. 
Thia  is  nothing  more  or  less  than  a  telephone  magneto  with  a 
beli  and  with  two  lengths  of  cords  with  test  pins  attached,  Fig. 
342.  The  magneto  is  cránked  by  hand  and  gives  a  very  high 
voltage  which  will  force  a  current  through  poor  connections  or 
leakage  paths.  Sneh  a  testing  magneto,  if  múch  testing  has  to 
be  done,  should  be  operated  by  two  persons,  a  boy  turning  the 
crank  while  the  tester  manipulates  the  test  points. 
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Fig.  342 — Testing  magneto 
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Paitial  List  of  Tetting  Apparatut 

Hydrometer  syringe,  Fig.  337. 

Testing  lámp,  using  current  from  service  mains,  Fig.  338. 

Testing  lámp,  using  battery  current,  Fig.  339. 

Testing  buzzer,  Fig.  340. 

Testing  íelephone,   Fig.   341. 

Testing  magneto,  Fig.  342. 

PART  m 
ClasMfficatkm  of  Trodble»— Simple  Tesli 

Electrical  troubles  may  be  either  in  the  major,  parts  of  the 
electrical  equipment  or  they  may  be  in  the  wiring  connecting  these 
parts.  Therc  are  essentially  four  classes  of  generál  electrieal 
troubles,  namely,  an  open  circuit,  a  short-circuit,  a  ground  and  a 
poor  connection,  wbich  latter  is  an  inoipient  form  of  open  cir- 
cuit.  An  open  circuit  is  a  circuit  with  a  break  or  interruption  in 
it  at  any  point.  Voltages  of  the  order  used  f  or  lighting  and  štart- 
ing  will  force  a  current  only  through  a  continuous  or  unbroken 
circuit  of  conducting  materiál.  If  the  circuit  is  open,  no  current 
ean  flow.  The  most  familiar  forms  of  an  opôn  circuit  are  a  broken 
lámp  filament  and  a  burned-out  fuse.  Of  course,  the  term  ''brok- 
en circuit"  usualy  is  applied  only  if  there  is  a  break  in  the  wir- 
ing outside  the  main  parts  of  the  systém  or  at  the  connections. 
If  there  are  any  poor  connections  in  the  circuit,  the  result  is  that 
the  resistance  in  circuit  is  gr'eater  than  it  should  be  and  the  cur- 
rent flow  will  be  reduced.  x 

A  short-circuit  is  a  derangement  of  the  wiring  or  other  parts 
of  the  circuit  which  allows  current  from  the  sourcc,  that  is  to 
say,  fom  the  battery  or  generátor  to  retum  to  it  without  flowing 
through  the  connecting  devices  šuch  as  the  lamps.  A  complete 
short-circuit  prevents  current  from  flowing  through  the  consum- 
ing  device.  For  instance,  if  the  two  wires  connecting  to  an  Ín« 
candesccnt  lámp  are  bared  of  insulation  and  twisted  together 
where  they  enter  the  lámp  socket,  no  curreut  can  flow  through 
the  bulb.  A  complete  short-circuit  results  in  an  excessive  cur- 
rent flow  and  a  rapid  drain  of  the  battery,  if  not  the  fanng  of 
the  wires.  A  partial  short-circuit,  often  referred  to  aa  a  leak, 
may  not  greatly  interfere  with  the  operation  of  the  conwray 
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devices  but  will  result  in  the  waste  or  losa  of  energy,  and  as  šach 
is  objectionable. 

A  ground  is  a  metallic  connection  between  the  insulated  wiring 
of  the  circuit  and  the  metallic  masa  of  the  chassis  or  enginc.  A 
distinetion  mušt  here  be  made  between  the  two  wiring  systems 
used  in  connection  with  electrical  equipment^  the  insulated  re- 
turn  systém  and  the  ground  return  systém.  With  an  insulated 
return  or  two-wire  systém  a  ground  on  one  side  of  the  Hne  Í8 
not  immediately  harmful,  as  it  does  not  interfere  with  the  op- 
eration  of  the  systém.  No  battery  current  can  ílow  into  the  frame 
of  the  car  or  engine,  because  there  is  no  return  path.  However, 
if  another  ground  should  develop  on  the  other  side  of  the  line, 
the  two  grounds  together  would  form  a  short  circuit  which  would 
drain  the  battery  and  deprive  the  part  to  which  the  grounded 
wires  are  connected  of  current.  For  this  reason  i  t  is  always 
desirable  to  keep  an  insulated  return  wiring  systém  entirely  free  of 
grounds,  which  are  really  incipient  troubles.  In  the  čase  of 
ground  return  wiring,  as  now  used  with  the  great  majority  of 
lighting  systems,  a  ground  on  the  insulated  line  is  really  a  short- 
circuit. 

It  mušt  not  be  understood  that  short-circnits^  opeA  circuits  and 
grounds  occur  only  in  the  wiring  of  a  car.  They  may  also  oecur 
in  the  diíferent  parts  of  the  equipment.  It  already  has  been 
stated  that  burneďout  bulbs  and  blown  fuses  are  cases  of  open 
circuits,  and  there  are  plenty  of  chances  for  short-circuits  to 
develop  in  šuch  parts  as  the  generátor  and  starting  motor. 

Suppose  it  is  suspected  that  there  is  a  short  in^  say,  the  lighting 
circuit.  This  can  be  tested  out  by  any  of  the  testing  outfits 
already  described.  When  all  the  bulbs  are  unscrewed  from  their 
sockets  no  current  should  ílow  through  the  wires  connecting  to 
the  lamps,  and  if  a  current  does  íiow^  it  proves  that  there  is  a 
short-circuit.  Therefore,  remove  all  of  the  bulbs  from  their  sock- 
ets, close  all  lámp  switches,  open  the  circuit  at  the  battery  by 
removing  one  connector  from  the  battery  terminál  and  touch 
the  test  points  to  the  connector  removed  and  the  other  battery 
terminál  as  indicated  in  Fig.  343.  We  will  assume  the  lights  are 
wired  on  the  insulated  return  principle,  or  two-wire.  Then  if  the 
test  lámp  lights  up  when  contacts  are  made  as  described,  it 
proves  that  current  can  flow  from  one  side  of  the  circuit  to  the 
other  though  all  of  the  bulbs  are  removed;  consequently,  there 
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mu8t  be  a  short-circuit  somewhere  on  the  line.  To  locate  the 
exact  position  of  the  trouble  requires  additional  tests  which  will 
be  described  further  on. 

To  determine  whether  there  Í8  a  ground  on  the  circuit,  all  the 
bulbs  should  be  left  in  plače,  the  lámp  switches  turned  on  and 
the  two  test  points  connected  respectively  to  anj  bare  part  of 
the  circuit  and  a  part  of  the  frame.  The  connections  are  shown 
in  Fig.  344.  If  there  is  no  ground,  no  eurrent  ean  flow  through 
the  lamps,  and  it  will  not  light.  Now  suppose  there  is  a  groand 
at  A.  Then  the  test  lámp  will  light  up  and  the  path  of  the  test 
eurrent  easily  can  be  traeed.  It  does  not  matter  whether  or  not 
the  ground  is  on  that  side  of  the  lighting  circuit  to  whieh  the 
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Fig.  343 — Mcthoá  of  te&tinff  for  a  »hort  in  a  lámp  cireuit  by  « 

tcšting  lámp 


test  point  is  touclied,  the  test  lámp  will  light  up  in  either 

The  location  of  the  ground  also  calls  for  either  a  careful  inapec- 

tion  of  the  whole  line  or  for  further  tests. 

Open  circuits  always  manifest  themselves  in  an  unmistakable 
manner.  For  instance,  if  there  is  a  break  in  a  lámp  circuit^  the 
lámp  cannot  burn.  If  the  break  is  in  one  of  the  main  wires,  of 
course  all  the  lamps  will  go  out,  whereas  if  the  break  is  in  one 
of  the  branch  circuits,  onlj  the  lámp  or  lamps  on  that  partíeular 
branch  will  beeome  extinguished.  Thus  some  indicatíon  as  to  the 
location  of  the  trouble  is  furnishcd  by  its  effects. 
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About  the  only  test  that  needs  to  be  made  on  the  battery  is 
the  hydrometer  test.  Normally  this  shows  the  state  of  chargé  of 
each  celL  Failure  of  the  battery  to  maintain  its  chargé  is,  of 
course,  responsible  for  a  great  many  difficulties.  A  battery 
cannot  keep  its  chargé  unless  it  is  kept  filled  with  electrolyte  to 
the  tops  of  the  plates.  No  fresh  electrolyte  needs  to  be  added, 
however^  as  all  loss  by  evaporation  consists  solely  of  water. 
Therefore,  if  the  electrolyte  does  not  cover  the  plates^  distilled 
water  should  be  added  until  the  plates  are  completely  covered. 
There  is,  of  course,  a  bare  possibility  of  soxne  sulphuric  acid  be- 
ing  lost  by  a  celí,  as  by  failure  of  the  tester  to  replace  the  elec- 
trolyte withdrawn  for  making  an  hydrometer  test.  To  make  a 
conclusive  test  as  to  the  density  of  the  electrolyte,  the  battery 
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Fig,  844 — Method  of  testing  for  a  ground  in  a  lámp  oircuit  by  a 

teating  lámp 


should  be  charged  and  the  charging  operation  continued  at  a 
moderate  rate  until  three  or  four  successive  hydrometer  tests 
at  intervals  of  10  minutes  show  no  further  increase  in  the  density 
of  the  electrolyte.  Then  the  battery  is  completely  charged.  Dif- 
ferent  battery  makers  are  somewhat  at  variance  as  to  the  density 
which  should  be  indicated  under  this  condition,  but  1.280  to  1.300 
is  a  good  average  figúre.    If  the  hydrometer  shows  lesa,  remove 
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8ome  of  the  electrolyte  with  the  syringe  and  replace  with  eleetro* 
iyte  of  extra  strength.  If  it  shows  more^  replace  with  distilled 
water. 

Some  precautions  mušt  be  observed  in  making  hydrometer  tests 
to  be  súre  of  accurate  results.  Readings  never  should  be  taken 
immediately  after  distilled  water  has  been  added  to  the  cells^  as 
it  is  most  unlikely  that  the  water  added  is  distributed  uniformly 
throughout  the  old  electrolyte.  Make  a  test  before  adding  tbe 
water  and  again  after  the  water  has  been  added  and  the  battery 
charged.  It  is,  of  course,  not  sufficient  to  make  a  test  of  one  cell 
only  and  také  it  for  granted  that  the  condition  of  the  others  is 
the  samé.  Each  cell  should  be  tested  separately.  To  avoid  omis- 
sions,  it  is  well  always  to  štart  with  the  cell  at  the  positive  end 
of  the  battery  and  test  all  cells  consecutively,  returning  the  elec- 
trolyte drawn  from  any  cell  to  that  samé  cell.  In  taking  the 
reading,  it  is  well  to  see  that  the  hydrometer  does  not  contact 
with  the  wall  of  the  syringe  but  floats  centrally  thercin  so  as  not 
to  impair  the  accuracy  of  the  indication. 

The  hydrometer  test  only  shows  the  state  of  chargé  of  the  bat- 
tery. It  is  desirable  always  to  háve  the  battery  as  near  to  the 
state  of  complete  chargé  as  consistent  with  the  conditions  of  cur- 
rent  demand,  because  battery  elements  deteriorate  least  when 
fully  charged.  When  a  battery  is  chronically  in  a  state  of  un- 
dercharge,  it  may  be  due  to  a  fault  in  the  battery,  du6  to  exces* 
sivé  current  demand,  due  to  conditions  of  operation  admitting 
of  little  charging  or  due  to  derangement  in  the  circuits  or  the 
chargé  control  systém*  The  most  common  fault  in  the  battery 
is  sulphatcd  plates,  which  can  be  detected  by  inspection.  A 
normál  positive  plate  when  the  cell  is  charged  has  a  chocolate 
brown  color,  but  when  sulphated  the  plate  has  a  grayish  color. 
The  sulphates  can  be  reduced  by  repeatedly  charging  and  dis- 
charging  the  cell  at  a  very  low  rate.  Lead  sulphate  when  not 
disturbed  for  some  time  hardens  and  prevents  circulation  of  the 
electrotype,  with  the  result  that  charging — which  means  tbe  re* 
duction  of  the  sulphate  to  spongy  lead  and  lead  oxide — can  pro- 
ceed  only  at  a  very  slow  rate. 

Open  circuits  and  short-circuits  are  also  possible  in  storage 
batteries.  An  open  circuit  most  likely  would  bo  due  t0  a  cor- 
roded  terminál  and  a  short-circuit  to  a  large  colleetioa  of  sedi- 
ment reaching  to  the  lower  edge  of  the  plates  and  bridgiim 
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The  former  can  be  detectcíí  by  a  careful  inspection;  the  latter 
will  be  indicated  by  an  absolute  failurc  of  a  celí  to  hold  a  chargé, 
as  shown  by  a  hydromcter  or  a  voltmeter  test. 

Occasionally  a  generátor  fails  to  piek  up,  ithat  is,  to  štart  to 
generate.  This  is  generally  due  to  poor  electrical  contaet  be- 
tween  the  commutator  and  the  brushes.  This  in  turn  may  be 
due  to  dirt  on  the  commutator,  a  rough  commutator,  insufficient 
Hpring  pressure  on  the  brushes,  ctc.  The  simplest  test  is  to  press 
the  brushes  down  on  the  commutator  bv  hand.  In  čase  the  trou- 
ble  is  with  the  brushes,  this  may  cause  the  generátor  to  pick 
up,  as  with  inrreasing  prossure  on  the  brushes  the  brush  contaet 
resistance  dccreases.  A  permancnt  repair,  of  course,  involves 
the  elimination  of  the  cause  of  the  trouble. 

If  the  commutator  is  verv  rough,  it  should  be  turned  down  in 
the  lathe  and  8an<lpapered.  If  it  is  merely  dirty,  sandpapering 
alone  will  do,  while  if  the  s^iring  pressure  is  too  small,  which  is 
probably  due  to  the  brushes  being  nearly  worn  out,  the  latter 
should  be  replaced.  Of  course,  failure  to  piťk  up  may  be  due  to 
other  and  more  serious  causes,  šuch  as  a  break  in  the  fíeld  cir- 
cuit,  a  burned-out  armatúre,  etc.  The  generátor  lield  readily 
can  be  tested  by  a  test  lámp  or  test  beli,  by  disconnecting  it  from 
the  generátor  terminals.  If  the  lámp  lights  or  the  beli  rings 
when  the  test  points  arc  touched  to  the  end  of  the  field  winding, 
it  shows  that  there  is  no  break  in  the  field  circuit,  and  if  the  test 
lámp  fails  to  Hglit  up  or  the  beli  to  ring  whon  one  test  point  is 
touched  to  a  part  of  the  field  winding  and  the  other  to  the  f  ráme 
of  the  car,  it  shows  that  there  is  no  ground  in  the  fíeld  circuit. 

One  method  of  testing  out  a  generátor  that  will  not  pick  up 
is  to  remove  its  driving  connection,  so  it  can  rotate  independently 
of  the  engine  crankshaft,  and  theu  elose  the  automatic  switch 
or  battery  cutout  by  hand.  This  connects  the  generátor  to  the 
battery  and  causes  it  to  act  as  a  shunt  motor.  I  f  poor  brush  con- 
tact  was  the  cause  of  its  failure  to  pick  up,  this  would  not 
prevent  its  operaMon  as  a  motor,  as  the  battery  voltage  will 
easily  force  cnough  current  through  the  brushes  to  cause  the 
armatúre  to  revolve.  If  there  is  nothing  wrong  with  either 
the  field  winding  or  the  armatúre,  the  generátor  should  turn 
over  at  about  the  lowest  speed  at  which  it  will  chargé  the  bat- 
tery when  driven  by  the  engine — ^just  a  trifle  lower  than  this. 
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PART  IV 
Testíng  Out  Complete  Circuits 

If  an  ammeter  is  available  aud  the  teáter  has  any  dala  re- 
garding  the  normál  performance  of  the  systém  under  test,  it  can 
be  used  to  advantage  in  locating  the  fault.  Most  makers  of 
electrical  equipment  issue  and  publish  in  their  eatalogs,  or  in- 
struction  books,  so-called  generátor  output  or  charging  curves, 
showing  the  number  of  amperes  the  generátor  will  send  into  the 
battery  at  different  speeds  of  revolution.  If  šuch  a  curve  is  at 
hand,  or  if  the  normál  charging  rate  at  a  defínite  generátor  speed 
is  known,  the  ammeter  can  be  used  to  determine  whether  tho 
generátor  is  delivering  its  proper  charging  current.  Inaamuch 
as  the  charging  current  with  most  systems  abovc  a  certain  mini- 
mum generátor  speed  is  substantially  constant,  it  does  not  mat- 
ter  very  múch  at  what  generátor  speed  the  reading  is  taken,  pro- 
vided  it  is  above  the  minimum  speed  referred  to.  This  mini- 
mum speed  of  the  generátor  at  which  charging  begins  corresponds 
to  a  certain  car  speed  on  the  high  gear,  usually  about  7  or  8 
m.p.h.,  and  the  tester  may  be  able  to  telí  from  the  sound  of  tho 
engine  whether  it  is  running  at  a  speed  above  that  at  whieh 
charging  begins.  The  charging  circuit  then  is  opened  at  the 
battery  and  the  ammeter  is  inserted  in  the  circuit  at  this  point. 
All  lamps  are  turned  oíf.  A  reading  then  is  taken  of  the  charg- 
ing current,  and  if  it  agrees  with  the  generátor  output  diagrams, 
there  is  nothing  the  matter  with  the  generátor^  its  control  mech- 
anism  and  wiring. 

In  that  čase,  the  trouble,  if  the  battery  will  not  hold  its  chargc, 
mušt  be  in  the  distributing  circuits  or  in  the  battery  itsélf.  A 
similar  test  can  be  made  of  the  lámp  load.  Generally  the  current 
consumed  with  all  the  lights  turned  on  is  given  in  the  descrip- 
tive  matter  of  the  equipment  makers.  If  it  cannot  be  fonnd,  it 
can  be  calculated  fairly  accurately  from  the  voltage  änd  eandle- 
power  of  the  lámp. 

Supposing  the  lighting  equipment  to  operate  at  6  volts  and  the 
lamps  to  be  of  the  tungsten  filament  vacuum  t3rpej  the  head- 
lamps  will  consume  each  about  1/6  ampere  per  candlepower  and 
the  small  lamps  about  %  ampere  per  candlepower. 

Thus  if  there  are  two  15-candlepower  headlighta,  two 
dlepowcr  side  lamps  and  one  each  2-candlepower  tmil  ttad 
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lámp,  the  total  current  consumption  when  all  are  tumed  on  should 
be  7.4  axnperes.  If  the  current  consumption  is  greater,  it  may 
be  due  to  bulba  of  high  candlepower  being  used  by  mistake  or 
to  a  short-circuit  or  leak  on  the  line.  If  the  current  is  smaller 
than  it  should  be,  it  may  be  due  to  some  lamps  not  burning  or  to 
the  use  of  bulbs  of  too  low  candlepower  or  of  high-efficiency  bulbs. 
If  some  lamps  are  not  burning,  this  may  be  due  to  a  broken 
íilament,  to  the  bulb  being  loose  in  the  socket,  to  a  bumed-out 
fuse  or  to  a  broken  wire  or  connection. 

It  is,  of  courscj  entirely  unnecessary  to  make  a  test  with 
instruments  requiring  disconnections  in  the  circuits,  to  find  out 
that  a  íamp  does  not  burn.  Usually,  if  a  single  lámp  fails  to 
light  up,  it  is  due  either  to  a  broken  filament,  a  bulb  loose  in 
the  socket  or  a  fuse  blown  out.  If  a  lámp  fails  to  light  up  when 
the  switch  is  closed,  see  whether  it  is  tight  in  the  socket.  If  it 
is  not,  screwing  it  home  probably  will  cause  it  to  light  np.  On 
the  other  hand,  if  it  is  tight  in  the  socket,  the  filament  probably 
is  broken,  which  readily  is  proved  by  substituting  a  new  bulb 
known  to  be  in  good  condition.  Often  the  wire  connections  at 
the  lamps  come  loose,  and  if  neither  a  loose  bulb  nor  a  broken 
filament  is  found  it  is  well  to  inspect  these  connections  carefully. 
In  the  čase  of  a  ground  return  or  single-wire  systém,  with  all  the 
sockets  grounded  on  one  side,  it  is  well  to  test  the  ground  of  the 
faulty  lámp  by  making  a  connection  with  a  screwdriver  or  a 
length  of  wire  from  the  lámp  terminál  to  ground,  a  bright  part 
of  the  frame.  If  this  causes  the  lámp  to  light  up  it  shows  the 
ground  connection  to  be  faulty. 

A  frequent  cause  of  failure  of  lamps  to  light  up  is  a  fuse  burned 
out.  Fuses  are  safety  devices  inserted  in  practically  all  elec- 
trical  circuits.  They  are  the  safety  links  which  give  out  first 
in  čase  of  excessive  currents  due  to  short-circuits  or  other  causes, 
thus  protecting  the  rest  of  the  circuits  against  injury.  The  type 
of  fuse  most  commonly  used  in  motor  car  circuits  is  the  so-called 
cartridge  fuse,  which  consists  of  a  short  length  of  glass  tube 
with  brass  ferrules  at  both  ends,  these  ferrules  being  connected 
metallically  by  a  lead  wire  inside  the  glass  tube.  The  complete 
fuse  is  pressed  between  brass  clips  on  the  fuse  block.  These  fuse 
blocks  are  located  in  different  positions  on  diíferent  makes  of  cars, 
but  they  always  are  to  be  found  somewhere.  If  a  fuse  is  blown 
due  to  a  short-circuit,  as  soon  as  another  fuse  is  inserted  it,  too, 
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blows.  Therefore,  before  inserting  another  fuse  it  is  well  to  test 
íor  a  short-circuit.  Fuses  occasionallj  bum  out  in  regular  service 
or  as  a  result  of  momentary  short-cireuits,  čuch,  for  instanee,  as 
occasioned  by  working  on  junction  blocks,  etc,  with  a  screw- 
driver  while  the  eurrent  is  on. 

The  quickest  way  to  test  for  a  blown  fuse  in  a  lámp  cireuit  is 
to  turn  the  lámp  switch  on  and  thcn  plaee  the  bladeof  a  screw- 
dríver  across  the  fuse  clips.  If  the  lámp  lights  up  with  the  fuse 
clips  bridged  by  the  screwdriver  and  does  not  without  it,  the  fuse 
is  burned.  If  there  happened  to  be  a  short-circuit  on  the  line,  this 
test  will  be  accompanicd  by  violent  sparking  at  the  fuse  clips, 
or,  as  a  repairman  would  say,  by  a  display  of  fireworks. 

In  trying  to  locate  either  a  ground,  an  open  cireuit  or  a  short- 
cireuit  in  a  wiring  systém  it  is  advisable  to  divide  the  systém  into 
its  various  elements  or  circuits.  A  typical  wiring  systém  is  illus- 
trated  in  Fig.  345.  There  are  only  two  wires  connecting  to  the 
battery,  and  thcse,  therefore,  carry  all  the  eurrent  that  flows  into 
or  out  of  the  battery,  whether  it  is  charging  eurrent  or  whether 
it  is  battery  eurrent  for  štart ing  or  for  lighting.  It  will  be  seen 
that  this  is  a  two-wire,  or  insulated  return,  wiring  systém,  and  a 
test  for  a  ground  can  be  made  merely  by  touching  test  points  to 
any  bare  part  of  the  wiring  and  a  bright  spot  on  the  metallic  mass 
of  the  chassis  respectively. 

We  will  assume  now  that  a  generál  test  of  the  wiring  is  to  be 
made.  Each  of  the  lámp  circuits  begins  at  the  lámp  switch.  The 
headlamp  cireuit  ends  at  1,  though  from  5  to  1  the  wire  earries 
both  battery  eurrent  for  the  headlamps  and  charging  eurrent  for 
the  battery — alternately,  of  course,  not  simultaneously.  To  make 
a  test  of  the  headlamp  cireuit  the  generating  systém  mušt  be 
disconnected  from  it,  and  this  probably  can  be  done  best  by 
loosening  the  connection  at  the  minus  terminál  of  the  eutout. 

Now  with  the  test  points  touching  the  ends  of  the  headlamp  cireuit 
at  point  7,  at  the  lámp  switch  and  at  point  1.  If  the  test  lámp 
lights  up  or  the  test  beli  rings,  the  headlamp  cireuit  is  complete, 
that  is,  there  is  no  open  cireuit.  Now  remove  the  bulbs  from  the 
headlamp  sockets  and  make  another  test  with  the  test  points  in 
the  samé  way.  If  eurrent  flows,  it  shows  a  short  in  the  headlamp 
cireuit.  To  locate  a  ground,  touch  one  of  the  test  points  to  the 
ends  of  the  headlamp  wires,  first  at  1  and  then  at  7,  while  the 
other  test  point  is  connected  to  ground,  that  is,  some  bright  spot 
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of  the  f  ráme,  etc.  If  a  signál  ia  obtaincd,  i  t  shows  not  only  a 
ground  in  the  headlight  wiring  but  also  the  side  of  the  headlight 
circuit  on  which  the  ground  ia  located. 

The  tests  thus  described  show  any  fault  in  the  wiríng  leadin^ 
to  the  two  headlamps.  If  a  fault  thus  is  found  to  exist,  it  shouM 
be  attempted  to  1  cca  t  e  i  t  by  a  careful  inspection  of  the  wiring. 
There  is,  of  coursc,  a  possibility  of  determining  by  electrical  tests 
still  more  closely  the  location  of  the  fault,  as  by  disconnectiog 
the  wiring  f  or  one  lámp  from  that  f  or  the  othor,  at  3  and  4,  and 
testing  the  wiring  for  each  lámp  separately.  However,  unless  ab- 
solutely  necessary,  no  permanent  joints  in  the  wiring  shonld  be 
opened.  Usually  the  wiring  systém  can  be  divided  suffieiently 
by  undoing  the  bolted  or  binding  post  joints  at  the  switeh,  júne- 
tion  box,  etc.  Thus,  for  instance,  if  the  joint  2  in  the  diagram 
is  a  permanent  joint,  the  circuit  can  be  opened  at  the  ammeter  a 
little  farther  along  the  line  to  the  headlamps. 

The  dashiamp  circuit  begins  at  9  at  the  lámp  switeh  and  ends 
at  11  on  the  battery  main.  The  taillight  circuit  is  connected  to  it  at 
12,  and  this  connection  mušt  be  broken  if  it  is  desired  to  make  tests 
of  the  dashiamp  circuit  separately.  The  tests  are  exaetly  the  samé 
as  those  for  the  headlamp  circuit  and  need  not  be  described 
specially.  The  tail  light  circuit  begins  at  8  at  the  lámp  switeh  and 
ends  at  12. 

That  part  of  the  circuit  which  carries  current  from  the  gen- 
erátor to  the  battery  only  begins  at  2  and  ends  at  5.  This  circuit, 
when  the  generátor  is  not  running,  is  interrupted  in  the  cutout  and 
if  it  is  desired  to  make  a  test  of  the  whole  circuit  for  shorts, 
breaks,  etc,  the  cutout  should  be  held  dosed  by  hand.  Also,  if 
2  and  5  are  permanent  joints,  the  tests  can  be  made  between  13 
and  14. 

There  remains  only  the  štartér  circuit  to  be  tested.  As  a  mle, 
this  contains  only  short  lengths  of  very  heavy  wire^  and  it  is 
easier  carefully  to  inspect  e  very  part  of  i  t  than  to  diaconneet  it 
completely  from  all  other  circuits  and  make  electrical  tests.  If 
the  inspection  fails  to  locate  the  fault,  an  electric  test,  however, 
can  be  made  as  a  last  resort. 

In  making  the  different  tests  described  with  the  aid  of  a  wiriag 
diagram  it  is  well  to  check  off  the  individual  circuits  oa  the  dia- 
gram as  they  are  tested.    In  this  way  one  can  be  oilicli 
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tain  that  he  has  eovered  every  part  of  the  systém  when  the  test 
is  ended. 

If  there  is  a  break  somewhere  in  a  circuit^  by  a  test  lámp  or 
beli  the  particular  section  of  the  circuit  in  which  the  break  is 
loeated  easily  can  be  f  ound.  Suppose  the  circuit  has  been  isolated 
from  the  rest  of  the  wiring  systém.  Plače  one  test  point  on  the 
end  of  one  side  of  the  circuit  at  the  point  farthest  from  the  lámp 
or  other  consuming  device.  With  the  other  test  point  touch  the 
first  exposed  point  on  the  samo  side  of  the  circuit  toward  the 
consuming  device.  If  the  test  lámp  does  not  light  up,  the  break 
is  in  this  section;  if  it  lights  up,  this  section  is  intact,  and  the 
test  point  should  be  moved  to  the  next  exposed  pointy  and  so  on 
all  around  the  circuit.  When  a  point  is  reached  where  the  test 
lámp  shows  no  light ,  the  break  is  in  the  section  between  this 
point  and  the  point  touched  immediately  previously. 

Applying  this  to  the  charging  circuit  of  the  wiring  systém  illus- 
trated  in  Fig.  345,  one  test  point  may  be  connected  to  point  5  of 
the  systém  and  the  other  test  point  would  be  touched  first  to  point 
14.  Probably  the  test  lámp  would  light  up.  Next  it  would  be 
touched  to  the  negatíve  terminál  of  the  generátor  with  say,  the 
samé  result;  next  to  the  poši  ti  ve  terminál  of  the  generátor  with 
the  samé  result;  next  to  point  15  with  the  samé  result;  next  to 
point  16,  when  it  would  show  no  current  flow.  The  break  in  the 
circuit  then  would  be  between  points  15  and  16  and  probably  would 
be  due  solely  to  the  open  cutout,  which  is  not  a  fault  but  a  natural 
condition.  In  this  connection  it  mušt  be  remembered  that  between 
points  14  and  15  there  are  two  paths  for  the  current,  namely, 
through  the  generátor  and  through  the  shunt  coil  or  fine  wire  eoil 
of  the  cutout.  Therefore,  to  make  the  test  conclusive,  the  wire 
should  be  removed  from  terminál  15  while  this  terminál  is  touched 
— to  test  the  shunt  coil  of  the  cutout — and  while  the  test  wire 
is  touched  to  the  two  terminals  of  the  generátor  and  to  the  end  of 
the  wire  removed  from  15  respectively. 

One  test  of  a  faulty  štartér  is  as  follows:  Switch  on  all  the 
lamps,  close  the  štartér  switch  and  observe  the  behavior  of  the 
lamps.  If  there  is  no  effect  on  the  lamps,  it  shows  that  no  current, 
or  only  a  very  small  current,  flows  through  the  štartér,  so  that 
not  enough  turning  eífort  to  crank  the  engine  could  be  expected. 
On  the  other  hand,  if  the  lamps  grow  appreciably  dim  as  the 
štartér  switch  is  closed,  it  shows  that  a  heavy  current  ílows  into 
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the  štartér,  and  if  the  latter  does  not  crank  the  engine,  the  indi- 
eation  is  that  either  the  fíeld  or  the  armatúre  is  shortcircuited. 
Somctimes  a  driver  is  puzzlcd  by  the  failure  of  his  »tarter  to 
stop  when  he  removes  his  foot  from  the  starting  pedál.  Tho 
phenomenon  easily  is  explained.  Štartér  switches  usually  arc 
closed  by  pressure  of  the  foot  aud  are  opened  by  a  spring.  Most 
of  these  switches  are  of  the  knife  type  or  a  modificatfon  of  samo, 
one  set  of  contacts  being  forced  between  a  set  of  double  contacta. 
In  the  engaged  position  there  is  naturally  a  good  deal  of  friction 
between  the  two  sets  of  contacts,  and  it  may  bappen  that  owing  to 
a  weakening  of  the  retracting  spring  or  an  incrcasc  in  the  friction 
at  the  switch  contact  surfaces,  the  spring  fails  to  open  the  switch. 
In  šuch  a  čase  the  propcr  thing  for  the  driver  to  do  is  to  open 
the  switch  by  hand,  preferably  by  taking  hold  of  that  part  of  it 
to  which  the  spring  attaches.  If  that  cannot  conveniently  be  done 
a  connector  can  be  removed  from  the  štartér,  the  switch  or  the 
battery,  whichever  is  most  accessible.  It  is  feenerally  important, 
however,  that  the  cireuit  be  opened  quickly^  before  the  battery 
chargé  has  been  exhausted. 


CHAPTER  XXXVIII 

F»  A.  Starting  and  Lighting  System  for 

Ford  Cars 

A  LARGE  percentage  of  the  Ford  cars  are  at  the  present  time 
•^^  beinfí  oquipped  at  the  factory  wih  a  sperially  designed 
starting  an<l  lighting  systém.  This  systém  has  been  developed  to 
meet  the  jiarticular  requirementa  of  the  Ford  oar  and  the  necea- 
sary  changes  in  the  engine  housing  háve  been  made  by  the  Ford 
Co.  so  as  to  aecommodate  the  syatem  in  the  best '  way  possible. 
The  systém  is  known  commereially  as  the  F.  A.  Starting  and  Light- 
ing System,  the  initials  being  those  of  the  engineer  designing  the 
systém. 

Component  Parts  of  the  F.  A.  Startmg  and  Li|^ting 

System 


(a) 

Generátor 

(b) 

Storage  Battery 

(c) 

Cutout 

W 

Ammeter 

(e) 

Starting  Motor    , 

(f) 

Starting  Switch 

(g) 

Lamps 

(h) 

Combination  Switch 

(i) 

Connecting  Leads 

Fonction  and  Description  of  Each  of  the  Component 
Parts  of  the  F.  A.  Electrícal  System 

(a)     The  Generátor 

The  generátor  is  a  machine  for  converting  mechanical  energy 
into  electrícal  energy.  'The  mechanical  energy  is  prodnced  by  the 
gas  engine  and  i  t  is  in  turn  transferred  to  the  generátor  through 
a  suitable  train  of  gears,  chain,  belt  or  other  suitable  mechanical 
connecting  liuk.  The  electrical  energy  delivered  by  the  generátor 
znay  be  used  in  opera tins:  the  lampa  on  the  car,  in  operating  the 
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ignition  systém,  in  charging  the  storage  battery,  etc.  In  each  rase 
tlío  cleotrical  encrgy  delivcred  by  the  generátor  is  tran8fonne<l  into 
«ome  other  form  of  energy.  For  example,  in  the  ignition  s»yKtem 
the  eleotriťal  energy  is  trausformed  into  heat  energy  in  the  sii»arK 
I  otween  the  points  of  the  spark  plugs  which  is  of  Hufiioient  iuteii 
sity  to  raise  the  gas  around  it  to  the  ignition  point  and  as  a  re 
suít  the  gas  mixture  in  the  cylinder  is  exploded.  In  the  čase  of 
the  storage  battery,  the  grcater  part  of  the  electrical  energA* 
delivered  by  the  generátor  is  transformed  into  ohemical  energy  in 
the  battery  and  as  a  result  the  battery  is  said  to  become  chargcd. 

The  f  ráme  of  the  generátor  for  the  P.  A.  electrical  systém  U 
iľiade  from  a  piece  of  wrought  iron  pipe  having  an  outside  diameter 
of  ai)proximately  4.5  inches  and  an  inside  diameter  of  approxi- 
mately  3.0  inches.  The  length  of  the  framc  is  api>roximate1y  4.5 
inches.  The  generátor  has  four  poles  and  these  are  formed  by 
bolting  four  pole  pieces  inside  the  frame  by  means  of  flat  hemded 
machine  screws  which  pass  through  the  frame  and  into  the  pole 
pieces.  The  complete  generátor  is  shown  in  Fig.  346.  The  screw^ 
shown  at  S  are  the  ones  holding  the  pole  pieces  in  plače. 

Each  of  the  four  pole  pieces  is  provided  with  a  single  field  coi) 
which  is  wound  on  a  special  form,  taped  and  impregnated  with  in 
sulating  vamish  and  then  placed  on  the  fíeld  core  before  the  cori> 
is  bolted  in  plače.  The  projections  from  the  pole  pieces  serve  to 
hold  the  íieid  coils  in  plače  after  the  pole  pieces  are  bolted  to  tho 
frame  or  voke  of  the  machine.     The  four  field  coils  are  connecte«l 

■r 

in  serieš  in  šuch  a  manner  that  the  pole  pieces  are  alternately  of 
north  and  south   polarity  around   the   armatúre.       The  coooeetion^ 
betwoen  the  various  íieM  coils  are  soldered  and  taped  with  an  in 
sulating    tapo.     The    resistance    of    the    complete    field    winding   at 
room  temperature  is  approximately  3.0  ohms. 

The  generál  features  of  the  armatúre  are  practically  the  samé 
as  usod  in  stan<lard  practice.  There  are  21  slots  in  the  armaturo 
core,  and  21  segments  in  the  commutator.  The  winding  is  mad** 
from  cotton  covorcd  enameled  wire  which  is  held  in  the  slots  bv 
we<lges  of  insulating  materiál  driven  in  the  top  of  the  slots  after 
the  win<líng  is  in  plače. 

The  armatúre  is  mounted  in  suitable  balí  bearings  which  in  turn 
are  carried  by  end  brackets  bolted  to  the  generátor  frame,  a*« 
shown  in  Fig.  346.  The  front  end  bracket,  that  is,  the  Mie  toward 
the  front  end  of  the  car  when  the  generátor  is  mouBt«d  Ott  tke  en 
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gina,  ia  a  flst  íron  disk  having  an  outside  diameter  eqnal  to  tte 
outside  diameter  of  the  generátor  frame  and  a  pocket  in  its  center 
coDtaining  the  baU  bearing  for  the  armatúre  shaft.  This  flangé 
»  faatened  to  tbe  end  of  the  generátor  framo  by  means  of  aii 
cap  Bcrews  shown  at  B.  in  Fig.  .146.  There  are  three  threaded 
holoH  in  the  outside  fare  of  the  flaiigc  into  wbirh  the  eap  screwa 
Qsed  in  mounting  the  generátor  011  the  enginc  houaing  are  acrewed. 
Th"!  rear  bracket  ís  n  <u|>  xhaped  piece,  and  it  carries  the  rear 
balí  t>earing  and  the  ring  úpon  wbirh  tbe  brutibea  are  mounted. 
This  brmcket  is  faatcned  to  the  rcar  end  of  the  generátor  frame 
by  mcana  of  fap  acrewí  ahown  at  F  in  Fig.  346.  There  are  fonr 
openingB  in  tha  cylindrical  portion  of  thia  braiket  tbrough  whieh 
the  comitiutator,  bnuhea,  wiiiug  and  gaueral  operation  of  the  gen- 
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erator  may  be  ^xamined.  Theae  openings  are  closed  by  means  of 
a  aheet  iron  cover  which  alips  over  the  bracket  and  is  held  in  placa 
by  tno  small  screws,  shown  at  A.  in  Fig.  346. 

The  armatnre  winding  la  of  the  wave  type  and  only  two  main 
bmshea  are  required  for  conducting  the  eurrent  delivered  to  the 
extemal  circnit  to  and  from  the  commntator.  Tbese  two  bniahea 
are  monnted  on  the  underaide  of  the  commntator  aa  shown  dia- 
grammatieally  in  Fig.  347.  The  upper  bmefa  ahown  in  the  Sgure 
ía  calleil  the  third  bruah  ss  the  output  of  the  generátor  is  con- 
trolled  by  meana  of  the  "Third  Bmsh"  principle.  This  third 
bmsh  Í8  ťonnected  to  one  terminál  of  the  field  winding  and  the 
other  terminál  of  the  field  winding  is  connected  to  the  main  bnish 
of  negatíve  polarity  as  ahowu  in  the  fignre.  The  bniah  holder  for 
the  main  negatíve  bmsli  is  riveted  dírect  to  the  metal  bmsh  ring 
which  is  in  eleetrical  contact  wíth  tbe  end  bracket  tbtu  gronuding 
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the  negatíve  teminal  of  tbe  generátor.  The  bruBh  holder  for  the 
poBÍtive  brusb  íb  moonted  on  b  anuU  etrip  of  iueulation  and  thia 
■trip  is  riveted  to  the  bnuh  ring  tbiu  keeping  tbe  poútive  bmah 
from  makiog  electrieal  eonneetion  with  the  frame  of  the  geDerator. 
The  bmeh  hotiier  for  tbe  tbinl  brush  íb  mouuted  on  tbe  bruah 
ring  in  sucb  a  rnaaner  that  it  maj  be  mored  aiound  tbe  com- 
mutator  s  ahort  dištance  by  firat  looseuing  the  nut  on  tbe  bolt 
■upporting  the  holder  and  moving  tbe  holder  to  the  deiir«d  posi- 
tion  and  then  tigbtening  tbe  nut.  Tbe  bolt  holding  the  bnuh 
holder  pasees  thioogh  a  piece  of  insulation  wbieh  is  riveted  to  tha 
bmsh  ring  and  in  whicb  tbere  ia  a  slot  cut  tbtu  allowing  the  bolt 
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to  be  mored  a  dištance  aronnd  the  comrontator  eorreapondiag  to 
the  length  of  the  slot. 

The  main  hnish  ring  Íb  fastened  to  tbe  end  brarhet  by  beínK 
elamped  between  a  Bmall  ring  and  the  end  bracket,  the  small  ring 
being  drawn  against  the  end  brafhct  by  meani  of  fonr  BCtvwa 
wbirh  pBBB  throngh  the  bracket  from  the  ontside  throDgh  notrbM 
in  the  brnsh  ring  and  inlo  the  Bmall  damping  ring.  The  B«*eh«t 
In  the  main  brush  ring  permits  tho  ring  heing  moved  araond  th* 
eommutator  a  sbort  diBtanre  «o  ae  to  také  rare  of  broali  aljHt- 

AO  three  of  the  brnsheB  are  of  rarbon,  the  twa  BSU  Mfitili 
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íb  appToximatel;  3/16  inch  hy  ^-inch  by  ^-inch.  BlMtriesl  eon- 
nection  is  m»de  from  tbe  brusbes  to  the  bmah  holdera  b;  meaDi 
of  flexible  copper  pigtaila  which  are  securely  í&steDed  to  tb« 
bnisbes  and  the  bmah  holdera.  A  longitudinal  section  and  a  croM 
sectiOD  of  the  generátor  are  Bbown  in  Fig.  348. 


eig.  3S0.—Gauralor  in  portt. 

The  bmsbes  are  held  firmlj  on  the  commutator  by  meao*  of 
spiral  spríngs  made  from  fiat  spring  steel.  One  end  of  earh  of 
these  springa  ia  mounted  in  a  slot  in  a.  stud  on  tbc  bmab  bolders 
and  the  other  end  bears  od  the  end  of  tbe  brushea,  aee  Fig.  348. 
The  poflitivc  main  bruah  is  conDe<'ted  to  an  inaulated  terminál  on 
top  of  the  generátor  aa  ahown  diagramniatirall}'  in  Fig.  347. 


Tá  Slerajt  Balttry 


-.  Cut  aut  may  ba  moanitjct  top 

hH  eflh*  generaUr  er  «■  Oit  dasA 


fif.  351. — Diagram  cf  gentrainr 


gpnerator  ia  given  in  Kg, 
shonn  in  the  exploded  view 


A  phBDtom  view  of  the  oomplett 
349  and  all  of  the  principál  parta  ar 
given  in  Fig.  350. 

Tbe  genoratoi  ia  inatalled  on  the  right-hand  aide  of  the  engine 
and  at  the  front  end.  Threc  cap  arrcwa  pass  tbrough  tbe  engins 
front  end  cover  and  into  the  three  holea  in  tbe  froot  end  bCK«kM 
Of  tho  ganorstor.    Tha  Jolat  batwean  the  and  brMklt  nt  tka  frnm 
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ator  and  engine  cover  is  prôv  i  ded  with  a  paper  gasket  to  prevent 
oil  leaks. 

The  generátor  is  driven  by  meaos  of  a  pinion  mounted  on  the 
end  of  the  armatúre  shaft  as  shown  in  Figs.  346  and  348,  which 
cngages  with  the  large  timer  gear.  There  are  16  teeth  in  the 
pinion  and  24  in  the  timer  gear  so  the  generátor  runs  at  one  and 
one  half  times  engine  speed. 

The  relation  between  engine  speed  f  or  different  gears,  miles  per 
hour  of  the  car  and  generátor  speed  is  given  in  the  f  ollowing  table. 

Relation  Between  Engine  Speed  f  or  DifFerent  Geafiy 
Mfles  per  Hour  of  Car  and  Generátor  Speed 


Hour 
of  Car 

High 

Model  T Generátor 

Low   Reverse  Speed 

Model  Tľ 

High   Slow   Reverse 

1 

41 

112 

163 

61 

76 

209 

305 

2 

81 

224 

325 

122 

152 

419 

609 

3 

335 

488 

183 

228 

628 

914 

4 

163 

447 

651 

244 

305 

838 

1218 

5 

203 

559 

813 

305 

381 

1047 

1523 

6 

244 

671 

976 

365 

457 

1257 

1828 

285 

783 

1139 

427 

533 

1466 

2132 

8 

325 

895 

1301 

488 

609 

1675 

9 

366 

1006 

1464 

549 

685 

1885 

10 

407 

1118 

1627 

610 

762 

2094 

15 

610 

1677 

2440 

915 

1142 

20 

813 

2236 

1220 

1523 

25 

1017 

1525 

1904 

30 

1220 

1830 

35 

1423 

2135 

40 

1627 

2440 

• 

45 

1830 

2745 

50 

2034 

3050 

I 


I 
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Engine  Speed  Data 

Model  T    Model  TT 

30  inch  diameter  wheel,  revolution  per  milé 672.27 

32  inch  diameter  wheel,  revolution  per  milé 630.25 

Gear  ratio  on  high  speed 3.63-1  7.25-1 

Gear  ratio  on  slow  speed «  9.98-1  19.93-1 

Gear  ratio  on  reverse 14.52-1  29.     -1 

Revolutions  of  engine  per  mile  on  high  speed..  2440.34  4569.31 

Revolutions  of  engine  per  mile  on  slow  speed 6709.25  12565.70 

Revolutions  of  engine  per  mile  on  reverse 9761.36  18277.25 

MPH  of  car  equals  engine  speed  in   RPM  on 

high  speed  when  multiplied  by 40.67  76.16 

MPH  of  car  equals  engine  speed   in   RPM  on 

slow  speed  when  multiplied  by 111.82  209.42 

MPH  of  car  equals  engine  speed  in  RPM  on 

reverse  when  multiplied  by 162.68  304.62 

Ba  ti  o  of  crank  shaft  to   drive   shaft   on  slow 

speed 2.75-1  2.75-1 

Ratio  of  crank  shaft  to  drive  shaft  on  reverse  4.-1  4.-1 

The  front  bearing  of  the  generátor  is  lubrieated  by  means  of  oil 
which  spashes  f rom  the  timer  gear.  The  rear  bearing  is  lubrieated 
by  oil  supplied  through  a  specially  construeted  oil  cup  moonted  at 
the  end  of  the  bearing,  as  shown  in  Fig.  346. 

The  value  of  the  current  delivered  by  the  generátor  is  regolated 
by  means  of  the  "Third  Brush''  systém  of  regnlation.  The  fieid 
winding  is  connected  betwecn  the  third  brush  which  resta  úpon 
the  upper  side  of  the  commutator  and  the  negatíve  main  brush 
which  is  groundcd.  The  value  of  the  current  delivered  by  the 
generátor  may  be  inereased  by  moving  the  third  brush  in  the 
direction  of  rotation  and  conversely  the  current  ontput  may  be 
decreascd  by  moving  the  third  brush  in  the  opposite  direction  to 
the  direction  of  rotation.  It  is  best  to  connect  an  ammeter  in  the 
circuit  when  an  adjustment  in  the  current  delivered  by  the  gen- 
éntOT  is  being  made.  The  ammeter  may  be  connected  in  the  main 
circuit  leading  f  rom  the  generátor  as  shown  diagrammatically  in 
Fig.  351.  Beforo  attempting  to  make  any  adjustment  in  the  value 
of  the  current  delivered  by  the  generátor  be  súre  that  the  com- 
mutator la  in  good  condition,  that  the  brushes  are  making  good 
electrical  contact  with  the  commutator,  that  all  connect ions  in  the 
generátor  circuit  are  O.  K.  particularly  the  cutout  contacifli  batieiy 
connections  and   the   ground   eonneetion  from  the  iMltleij* 
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voltage  of  the  battery  should  be  normál,  that  íb,  there  shoold  be 
no  broken  down  cells  or  high-resistance  cells  in  the  battery. 
Assuming  the  electrical  cireuit  is  in  first  class  eondition,  with  the 
ezception  oí  the  position  of  the  third  brush,  then  you  may  proceed 
as  ÍoUowb:  Bon  the  engine  at  approximately  800  revolutions  per 
minuté  and  move  the  third  brosh  to  the  position  giving  the  desired 
value  of  eurrent.  The  engine  should  then  be  run  at  different  speeds 
80  as  to  be  súre  that  the  valne  of  the  cnrrent  does  not  exeeed  the 
allowable  valne.  It  is  advisable  to  sandpaper  the  undersorface  of 
the  third  bmsh  af  ter  the  bmsh  has  been  placed  in  its  final  position 
and  a  final  check  made  on  the  generátor  outfit. 

The  third-bmsh  systém  of  control  causes  the  cnrrent  ontput  of 
the  generátor  to  increase  np  to  a  certain  speed  and  then  the  cnrrent 
ontput  starts  to  decrease  in  valne.  The  speed  of  the  F.  A.  gener- 
átor for  maximum  cnrrent  ontput  is  approximately  1200  revolutions 
per  minuté  which  corresponds  to  a  car  speed  in  high  gear  of  approx- 
imately 20  miles  per  hour.  A  maximum  charging  current  of  10  to 
12  amperes  will  meet  the  average  driving  eonditions. 

(b)    The  Storage  BATrav 

The  storage  battery  is  composed  of  three  cells  and  is  known 
eommercially  as  a  six-volt  sixty-ampere  hour  battery.  The  larger 
part  of  the  electrical  energy  delivered  by  the  generátor  is  stored  in 
the  storage  battery  in  the  form  of  chemical  energy  which  is  re- 
transformed  into  electrical  energy  when  the  battery  is  called  úpon 
to  operate  the  starting  motor,  ignition  systém,  lamps,  etc. 

In  the  earlier  installations  the  storage  battery  was  mounted  in 
a  box  on  the  left  running  board,  while  in  later  cars  the  battery  is 
under  the  left  rear  floor  boards.  It  is  carried  in  a  fram^  made 
from  fiat  iron  bárs,  and  held  down  by  two  flat  pieces  which  press 
down  on  the  wooden  containing  čase  at  the  ends,  the  pieces  being 
held  in  plače  by  thumb  screws. 

(c)      CtJTOUT 

Thé  conneetion  between  the  generátor  and  the  storage  battery 
cannot  be  a  permanent  one  as  the  storage  battery  would  discharge 
through  the  armatúre  of  the  generátor  whenever  the  electrical 
presBure  in  the  armatúre  of  the  generátor  happened  to  be  lesa  than 
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the  electrical  pressure  oí  the  battery.  The  diBch&rge  enrrent  fiom 
the  storage  battery  will  increase  in  value  as  the  electrical  preasura 
of  the  generátor  decreases  in  value.  When  the  generátor  armature 
Í8  standing  still  there  is  no  electrical  pressore  induced  in  the  wind- 
ing  and  the  discharge  enrrent  from  the  battery  through  the  gen- 
erátor will  háve  its  maximum  value.  A  device  called  the  eutout 
is   introduced   in   the   circuit   connecting  the   generátor  and  the 


Generátor  Terminál 


Cučout 


^^^^ 


Cround  ConnecHon 


^ 


Ft^.  ^SÍĽ-CompUU  drcuU  diagram,  tacliuira^  eui^oat  cvnnte. 

storage  battery  whose  function  is  to  prevent  the  needleas  diseharge 
of  the  battery  under  the  conditions  described  above. 

The  operation  of  the  eutout  can  be  understood  by  traeing  the 
circuits  as  shown  diagrammatically  in  Fig.  352.  The  winding  A 
of  the  eutout  Í8  called  the  shunt  or  voltage  winding  as  it  is  eon- 
nected  across  the  terminals  of  the  generátor  and  its  circuit  may  be 
traced  as  follows:  Starting  with  the  positive  terminál  of  he  gen* 
erator  you  can  trace  along  the  main  lead  to  the  frmme  of  the  eutout, 
then  through  the  winding  A  to  the  ground  eonnectioa,  then  throiigli 
the  ground  to  the  negatíve  terminál  of  the  generátor  and  threagk 
the  armature  winding  to  the  positive  terminál  thus  eompletiag  tfce 
electrical  circmt.    Áa  the  voltage  generated  in  the 
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ereases  in  value,  there  will  be  an  increase  in  the  value  of  tbe 
enrrent  in  the  winding  A.  The  current  in  the  winding  A  produees 
a  magnetic  pull  on  the  armatúre  of  the  cntout  and  when  this  puU 
has  reached  a  valne  sufficient  to  overcome  the  action  of  the  spring 
holding  the  armatúre  awaj  from  the  iron  core  of  the  cutout  the 
armatúre  will  move  toward  the  core  and  as  a  result  the  contacta 
at  C  will  close.  As  soon  as  the  contacts  at  C  close  a  second  circuit 
will  be  completed  from  the  poši  ti  ve  terminál  of  the  generátor 
through  the  winding  D  on  the  cutout,  through  the  ammeter  to  the 
positive  terminál  of  the  battery,  through  the  batterj  to  the  nega- 
tíve terminál  of  the  generátor,  through  the  armatúre  winding  of 


F^.  353  mi  354.— rwo  fypet  of  antamatie  eut^oui  in  éiaqrawL 

the  generátor  to  the  psitive  terminál  thus  completing  the  circuit. 
The  current  will  flow  in  the  above  circuit  in  the  direction  that  the 
circuit  was  traced  through  provided  the  voltage  of  the  generátor 
oxooeds  the  voltage  of  the  storage  battery.  The  adjustment  of 
the  spring  holding  the  armatúre  of  the  cutout  awaj  from  the  core 
may  be  made  in  sucli  a  manner  that  the  armatúre  of  the  cutout 
is  not  drawn  down  and  the  contacts  C  closed  until  the  voltage  of 
the  generátor  exceeds  the  voltage  of  the  battery.  The  connections 
of  the  windings  A  and  D  are  šuch  that  they  both  produce  magnet- 
izing  actions  in  the  samé  directions  while  the  generátor  is  charg- 
ing  the  battery.  The  pull  on  the  armatúre  is  therefore  increased 
as  soon  as  the  contacts  at  C  are  closed  due  to  the  pull  produced  by 
th«  ehmrging  enrrent  paHlng  through  the  serieš  winding  D,  and  is 
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addition  the  poli  is  further  increased  due  to  the  fact  that  as  Booa 
as  the  armature  moves  nearer  the  iron  core  of  the  cntont  the  air 
gap  is  decreased  and  the  samé  current  in  the  windings  will  prodnea 
a  greater  magnetic  eflPect.  Now  if  the  pressure  of  the  generátor 
decreascs  in  valne  there  will  be  a  dccrease  in  the  current  in  both 
of  the  windings  A  and  D.  When  the  generátor  pressure  is  exactly 
equal  to  the  pressure  of  the  battery  there  will  be  no  current  in  the 
winding  D.  There  will  be  a  smaller  current  in  the  winding  A  than 
was  originally  required  to  close  the  cutout,  but  due  to  the  smaller 
air  gap  the  smaller  current  in  the  winding  A  will  keep  the  contaeta 
closed.  A  further  decrease  in  generátor  pressure  results  in  the 
battery  starting  to  discharge  and  also  a  slight  decrease  in  the 
▼alue  of  the  current  in  the  winding  A.  The  currents  in  the  two 
windings  are  now  producing  magnetizing  aetions  in  the  opposita 
directions  and  finally  the  magnetic  pnll  on  the  armatúre  is  no 
longer  ample  to  overcome  the  action  of  the  spring  tending  to  draw 
the  armature  away,  and,  as  a  result,  the  armature  moves  away  and 
the  contacts  at  C  are  separated  thus  disconnecting  the  battery  from 
the  generátor.  A  larger  current  will  be  required  in  the  winding 
A  to  again  draw  the  armature  over  and  as  a  result  the  contacts 
will  remain  separated  until  the  voltage  of  the  generátor  has  built 
up  to  a  sufflcient  value  so  that  it  produces  enough  current  in  the 
winding  A  to  draw  the  armature  over  and  close  the  contacts  at  0. 

Two  different  types  of  cutouts  háve  been  used  with  the  F.  A. 
systém.  On  a  great  many  cars  the  cutout  is  mounted  on  the  engine 
side  of  the  dash  board  and  on  the  right  side.  There  are  three 
terminals  on  the  base  of  the  cutout  as  shown  in  Fig.  353.  The 
two  outside  terminals  are  insulated  from  the  base  and  they  are 
marked  "Oen."  and  ''Bat. ''  respectively.  The  middle  contaet  ia 
not  marked  but  it  corresponds  to  the  ground  connection.  In  mount* 
ing  the  cutout  on  the  car  i  t  is  grounded  to  an  iron  strip  projecting 
up  from  the  frame  of  the  car. 

The  second  type  of  cutout  is  mounted  on  top  of  the  generátor 
housing  as  shown  diagrammatically  in  Fig.  354.  The  deetríeál 
circuits  of  the  cutout  are  identical  to  those  shown  in  Fig.  352,  tlie 
only  diíference  in  the  two  being  in  their  mechaniol  eoBatnetloB 
and  arrangement. 
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(d)  Thb  ämmeteb 

Tbe  nmmeter  or  rharging  itiilicator  Is  mounted  on  the  Instm- 
ment  boaril,  It  rciriatrrs  on  tbo  "eharfte"  aíňe-  when  tlie  gen- 
erátor is  (ľharsinc  thc  lialtery  and  on  tbo  "diaťharfie''  side  when 
the  llgbts  are  burníng  anO  tlie  englnc  is  not  runnltig  at  a  greater 
epced  than  tbat  (.'orresponillng  to  a  car  speed  oí  10  m.pJi.    A.t  a 


ttlaffram. 


speed  of  orer  IS  m.p.b.  tbe  indlcator  should  show  a  rpodíng  of 
10  to  12  ampcrea  witb  the  lights  burnlnt;.  I[  tbe  indlcator  does 
not  abow  "cbarge"  under  these  conditlons  tbcre  Is  trouMo  ia 
tbe  í'Fstem  somewhere,  Tbe  possible  troubles  are  lakcn  up 
further  along  In  this  cbapter.  Wbea  thp  engloe  Is  stopped  aud 
all  llgbts  are  out  tbe  ammeter  needle  should  cotne  to  rest  at 
the  O  mark. 

(e)  The  Stabtiho  Stotem 

'nie  startlng  motor  transforms  tbe  electrical  energ;  whlcb 
has  been  sfored  up  In  ihe  battpry  by  tbe  [lenrrator  into  mechan- 
itľal  energ;'  which  is  transmitted  to  tbc  englne  tbrougb  the 
Btartlng  motor  armaturp  Kbnft.  the  Itendix  drlve  pinioD  and  to 
tbe  pnsine  flywheel.  spinnin?  the  engine  iintil  it  pieks  np  and 
níliK  n  mier  Its  own  power. 

Tbc  rngine  may  lie  started  either  on  bottery  or  magneto.  bat 
the  usp  of  the  mngneto  is  strongly  reeommended.  as  Just  ns  hot 
a  spark  will  be  produoed  aud  tbe  bnttery  will  havr  less  draln 
put  npon  it.  Ilowpver,  in  very  rold  wenUier.  wbon  tlie  stnrter 
will  not  tiirn  tbe  engine  over  rery  fnst.  owing  to  tbickeniHl  oil, 
the  battery  will  give  qnlrker  results  In  startlng.  Aa  aoon  bs  tbe 
cnglne  Htaris.  switi'h  to  lh[>  magiieto. 
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The  dimensions  of  the  frame  and  cud  brackets  of  the  F.  A. 
Btarting  motor  are  practically  the  samé  as  those  of  the  generátor 
which  has  been  fully  described.  The  chief  difference  is  in  the 
constniction  of  the  end  bracket  at  the  drive  end  of  the  motor. 
This  bracket  is  fastened  to  the  frame  of  the  motor  by  six  cap 
BcrewB.  A  side  view  of  the  complete  starting  motor  is  shown  in 
Pig.  356. 

The  armatúre  has  21  slots  and  there  are  21  segment  s  in  the 
commutator.  * 

Balí  l>earings  are  not  used  in  the  construction  of  the  štart iuf; 
motor.  The  front  bearing  is  made  from  a  brass  or  bronze  bushing 
and  the  back  bearing   is  made   from   a  bnshing  of  soft   bearintr 


CROUNĽES  BfíUSH 

Fig.  357. — Cireuit  iia/gram  of  sUuier. 

metal.  The  bearing  next  to  the  flywheel  is  lubricated  by  oil 
splashod  from  the  flywheol  and  tlie  othor  bearing  is  not  Inbricate*! 
at  all. 

Each  o  f  the  four  liolil  ]>olo8  carrios  a  heavy  field  c  oil  and  the»e 
field  t'oils  aro  eonnected  in  serios  as  shown  diagrammatirally  in 
Pig.  .V)7.  There  is  not  insulation  on  the  joints  between  the  field 
coils  and  rare  should  l»e  exerciscíl  to  seo  that  the  bare  copper  does 
not  í'ome  into  contact  with  the  motor  frame  when  repairs  are 
lieing  made  on  the  motor.  The  motor  is  of  the  serieš  type,  that  is 
the  fiel«l  windings  are  oonneeted  in  serieš  with  the  armatnre. 
Tnstead  of  all  four  coils  bcing  connected  in  serieš  in  a  single 
cireuit  they  aro  grouped  in  two  circuits  of  two  coils  each.  Eftŕli 
of  th«»  poši  t  i  ve  brushes  of  the  motor,  there  being  two,  U 
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to  one  terminál  of  each  of  these  gronps  aoil  the  remaining  term- 
iuals  are  both  conDected  to  the  insnlated  teraiinal  on  top  of  the 
motor  &9  sbowQ  Íd  Fíg.  357. 

The  motor  is  provided  with  foar  eompoBÍtioa  bruahes  arraoged 
as  BhowD  diagramoiaticBllj  in  Fig.  357.  These  brushes  are  cach 
approximátely  j^-inch  by  j^-inoh  byjí-inch.  The  two  negativo 
brusheB  are  moonted  in  bruBh  holders  which  are  riveted  direct 
to  the  brush  ring  and  are  therefore  grounded  to  the  frame  of  tho 
motor  as  the  brnsh  ring  is  not  ioBulated  from  the  framr  of  tho 
motor.  The  two  positive  bnishes  are  moonted  in  brosh  kolders 
whí'h  are  inenlated  from  the  broih  ring  by  monnting  them  on 
fmall  stripB  of  insulation  whirh  are  in  turn  riveteil  to  the  brusU 


ewm  ucnatfM^  igimmaam.  saunu 

Fig,  35S. — End  dnatim  md  šeeHm  of  ilarter. 

ring.  The  brushes  are  electricslly  connected  to  their  holders  by 
means  of  two  heavy  copper  pigtaíls.  The  brush  springa  are  very 
aimilar  to  thoae  n^d  on  the  generátor.  They  are  of  the  spiral 
type  and  made  from  Úat  xpriog  Bteel,  one  end  is  fastened  in  a 
slotted  atud  whii^h  is  part  of  the  brush  holders  and  the  other  or 
frec  end  resta  on  top  of  the  end  of  the  hmsh. 

The  metal  ring  úpon  which  tho  bmsh  holders  i  b  mounted  i  s 
riveteil  to  the  end  bracket  or  housirg  of  the  motor  by  means  of 
foar  rivets  and  the  bnishos  eannot  bc  moved. 

A  lonRitiiíliiiEl  on.i  irORB-reetion  of  tlic  F.  A.  motor  are  ahown 
in  Fig.  .15S.  The  arrangement  of  the  brnshes,  brush  holders,  ete. 
Kia  quite  cleaily  ahown   in   tbis  figúre.     A  phantom  view  of  the 
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motor   Bhown    in   Fíg.   359,  snil  sa   exploded   víew  oí  the   varíous 
parta  Íb  Bhown  in  Fig.  3d0. 

Tbe  Btarting  motor  íb  loeated  on  the  left-hanil  nide  ot  the  engiue 
and  at  the  rear.  It  ia  fastened  to  the  flvvrheel  t^over  by  munB  of 
foQr  bolts  whirh  paas  throngh  holes  in  the  vomera  of  the  baclc 
end  bracket.  The  power  prodnced  hj  the  motor  íb  tranemitted  to 
the  egine  hy  mcans  of  a  Bendix  drive  pinion  nhich  meslieB  with 
a  ring  gear  monnted  on  tbe  fljwfaeel  of  the  engine.  A  cnt-away 
view  of  the  Bendix  drive  íb  ahoTrn  in  Fig.  361.  The  drivo  pinion 
is  moDQted  on  a  bollow  screw  shaft,  and  it  nill  move  along  tbiB 
■haft  if  it  is  held  Írom  taming  and  tbe  sbaft  is  rotated.  When 
a  turrent  is  establiehed  in  the  armatúre  and  fieid  windings  of  tho 
Btarting  motor  íIb  armatúre  will  štart  to  revolve.  The  rotation 
of  the  armatúre  ahaft  causes  the  bollow  Bcrew  shaft  to  rotate  as 
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it  is  eonnected  to  tbe  end  of  the  armatúre  ahaft  hy  meaua  of 
the  drive  spriug  one  end  of  whieh  ia  attacbed  to  the  drive  head 
and  the  otber  end  is  counected  to  the  acrew  shaft.  Tbe  weight 
and  inertia  of  the  pinion  tends  to  prevent  its  tuming  witb  tbe 
hollow  BCrew  shaít  and  as  a  resnit  it  mores  lengthwiae  along  the 
serew  shaft  and  becomes  engaged  with  tbe  teeth  iu  tbe  riug  gear 
on  Ihe  flywbeel.  When  the  pinion  meahea  with  the  ring  gear  it 
continneB  to  more  along  the  screw  shaft,  until  it  comes  into  roo- 
tact  with  the  atop  nut  and  then  atarta  to  tam  the  ring  gear  ana 
crank  the  engine.  When  the  engine  starts  nnder  its  own  power, 
it,  of  coDrae,  mns  faster  than  it  was  being  cranked  hj  the  start- 
ing  motor  and  the  pinion  on  the  screw  shaft  íb  driven  faster  than 
the  screw  shaft  ia  tuming.  As  a  resnlt  tbe  pinion  moves  length' 
wiae  along  the  acrew  shaft  ontil  it  is  out  of  meab  witb  the  gear 
on  the  fly  wbeel,  The  pecnliar  eonstrnction  of  the  device  causes 
tbe  pinion  to  ctutcb  the  threaded  sbaft  and  it  theu  rotateB  witb 
th*   thiaaáed    abaít    nntíl  tba   annatnra   of    tfas   atarting   motor 
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ceaMB  to  Totate,  dne  to  the  openiiig  aí  tho  electrical  circnit 
snpplring  it  with  current. 

Bj  reíerence  to  the  view  Bhown  in  Fig.  391,  and  the  above  defl- 
eriptioD  it  ÍB  aeen  that  the  driving  torque  of  the  armatnTe  ih 
transmitted  to  the  driving  piaioD  by  me&DS  of  «  toraion  or  drive 
Bpnng,  whkh  not  onty  cashions  the  blow  in  starting  the  crankinK 
of  the  engine,  but  also  storea  Dp  some  eoergy  due  to  the  ninning 
•tart  nhile  the  geare  are  meahing,  and  then  retarna  thia  energy 
in  actnally  breaking  the  engine  loose.  The  most  diffkult  part  of 
cnnking  an  engine,  esperially  in  cold  weathcr,  ia  atarting  the 
OBginc  to  rotate  froín  stand-Btill. 

Shoold   the   driver   accidently   close   the   atarting   motor   lircuit 


Pý,  312.— jfarbr  ntiki.  Fig.  SeS.—Settim  of  imtek. 

while  the  engine  is  running  no  hann  will  resuit,  as  the  pinion  will 
rotato  on  the  hollow  threaded  abaft  until  it  tourbea  the  edge  of 
the  flywheel  when  it  will  immeciiatoly  rotate  in  the  direction  of 
the  thrended  ehaft  but  a  little  faster  thna  carrying  it  along  the 
threaded  ahaft  away  from  the  flywheel  in  exactly  the  samc  manser 
«B  thought  it  waB  being  demeahed  by  the  engine 'b  atarting. 

The  various  parta  of  the  ilrive  are  made  with  iarge  factora  of 
safety  ao  as  to  také  čare  of  the  anuanal  strains  they  will  be  anb- 
jected  to  in  (he  čase  of  a  backlíre.  Šuch  an  ocťurronce  is  not  Hkely 
to  happeD,  bot  it  ia  advigablo  to  protect  the  etarting  syBteni  by 
retarding  the  spark  mhen  starting. 

There  are  10  teeth  on  the  motor  pinion  snd  120  on  the  By- 
wheel,  whíeh  results  in  the  motor  running  twelve  timea  U  fa«t 
M  the  engine. 
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(f)     Startinc  Switch 

The  fnnction  oí  the  starting  switch  is  to  provido  a  convonlent 
means  of  connecting  the  starting  motor  to  the  storage  battery 
when  it  is  desired  to  háve  the  starting  motor  crank  the  engine. 
The  switch  is  mounted  on  the  floor  board  in  front  of  the  drlver** 
seat  in  šuch  a  position  that  it  maj  be  operated  by  the  hool  of  tho 
driver's  right  foot.  The  main  body  of  the  switch  is  on  the  under- 
side  of  the  floor  board  and  -it  is  operated  by  a  roond  plnnger 
which  extends  vertically  through  a  hole  in  the  floor  board  and 
projects  a  short  dištance  above  the  upper  surfaee  of  the  board. 
The  switch  is  closed  by  pushing  down  on  the  plunger  with  the  heet. 
A  view  of  the  completed  switch  is  shown  in  Fig.  362,  and  a  croea 
section  is  shown  in  Fig.  363.  The  switch  is  held  in  the  open  posi- 
tion by  means  of  a  compression  qpring,  which  also  serves  to  open 
the  switch  when  the  heel  is  removed  from  fhe  plunger  cap. 

The  detailed  construction  of  the  switch  is  quite  clearly  shown 
in  Fig.  363.  The  main  housing  is  made  in  two  parts  which  ara 
held  together  by  two  flat  headed  screws.  Two  contact  tenninala 
are  secured  to  the  lower  half  of  the  housing  and  they  form  the 
main  terminals  of  the  switch.  These  two  contact-terminals  are 
connected  together  electrical  when  the  switch  is  closed  by  a  short 
metal  bus  bar  mounted  on  the  lower  end  of  the  plunger  shaft. 

(g)     Lamps 

Each  of  the  two  headlamps  is  equipped  with  two  lámp  sockets. 
The  bright  headlights  are  6-8  volt,  17  candle  power  bnlbs  and  they 
are  mounted  in  sockets  in  the  center  of  the  reflectors.  The  dim 
headlights  are  6-8  volt,  2-candle  power  bulbs  and  they  are  monnt- 
ed  in  lámp  sockets  in  the  upper  half  of  the  reflector.  The  tail 
lámp  is  6-8  volt,  2-candle  power  bulb.  There  is  no  cowl  or  daáh 
lámp.  The  lamps  are  controlled  by  means  of  a  switch  mounted 
on  the  dash  of  the  car  within  easy  reach  of  the  dr^rer. 

(h)      G>MBINATTON    SwiTCH 

The  current  f  or  operating  the  lamps  and  the  ignition  systém 
is  controlled  by  what  i  s  called  a  combination  switch  whieh  ia 
located  on  a  small  panel  alongside  the  ammeter  and  tlie 
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tioD  w  nonated  on  the  dash  or  co^l  board  of  the  c&r.  The  awiteb 
ú  10  eonatmcted  and  wítsiI  th&t  cuirent  lor  the  lampa  íb  drawu 
from  the  bkttery  wheo  the  en^ne  i  b  idle,  and  partlj'  from  the 
batteiy  when  the  engine  ia  operatiiig  and  the  geneTstor  íb  deliver- 
ing  current  antil  the  value  of  the  current  delivered  by  the  gene- 
rátor «iceed  tbat  taken  by  the  lampa  and  the  Ignítion  syetem,  if 
the  iguitjon  kej  is  throwii  to  the  batteiy  poBition,  and  then  the 
generátor  is  taking  čare  of  the  lampa  and  ignition  aod  alBO  eharg. 
ing  the  batterjr.  Current  for  openiog  the  ignition  ayateni  may 
be  taken  from  the  batterf  or  from  the  mágneto.  A  front  view  of 
the  ■witch  i8  shown  in  Fig.  364. 


Fip.  364  md  365.—Fnmí  tnd  mr  cieie  a}  Uglitiiig  lad  ýiiiltoii  nriiet. 

The  ligbts  are  controlled  hj  tuming  the  switi^h  lever  lo  Ihat  the 
pointer  registera  with  the  indication  of  the  fondition  as  desired; 
"Off,"  meaning  no  lights;  "Dim,"  meaaing  dim  lights;  and 
"Od"  meaning  bright  lights.  The  tail  light  bums  when  the  lever 
is  in  either  the  "Ou"  or  "Dim"  positions. 

The  ignition  eircnit  íb  eoutrolled  by  inserting  a  ke^  in  the 
barrel  of  tbe  level  and  tnming  the  key  bo  ita  position  regÍBters 
with  the  indication  of  the  Bource  of  current  desired.  The  kej* 
U  shown  in  tbe  magneto  position  in  Fig.  394,  meaning  that  the 
ignition  cnrrent  is  being  supplied  by  the  magneto. 

The  terminala  on  tbe  back  of  the  switch  are  marked  to  indicaie 
which  wires  abonld  be  attached  to  them.  A  rettr  view  of  tbe 
switeh  íb  Bbown  in  Fig.  365. 
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(i)  CoNNecrmc  Leads  oi  Wikinc 
lA  eomplote  wiring  díagrun  íb  sbowQ  in  Fig.  366.  A  vetj  hekvy 
cabU  leads  from  the  positivQ  terminál  of  the  battery  to  one  ler- 
nunal  of  th«  ataTting  Bwiteh  and  U  mvked  Ln  tlie  flgnre  batteiy 
to  airitch  wire.  A  Mcond  faeavj  cable  leads  from  the  remaining 
termiuml  of  the  atarting  awíteb  to  the  inaulated  terminál  on  top 
of  the  atartiug  motor,  and  is  marked  in  the  Sgare  etarting  switcb 
to  motor  wiro.  Another  heavy  sbort  cable  connects  the  negatíve 
terminál  of  the  batterj'  to  the  fnune  of  the  c«r  and  ia  pnarkod  in 
the  flgnre  battery  to  frame  groond  wire. 


Fis.3m.-TtrmMliloA. 

A  mnltiple  conductor  cable  composed  of  five  conductors  leada 
from  the  terminál  block  on  the  front  side  of  the  dash  to  the  ľights, 
magneto  and  foot  Bwitch.  A  view  of  the  terminál  block  ia  Bbown 
in  Fig.  367.  The  flve  wirea  in  this  cable  háve  different  colored 
inanlatioDB  and  tbey  make  the  following  eoDneetions.  The  red 
wire  ia  connected  to  the  left-hand  binding  poat  on  the  terminál 
block  and  leads  to  the  magneto  terminaL  The  yellow  wire  is 
connected  to  tbe  second  binding  post  on  the  terminál  block  and 
leada  to  the  atarting  switcb  terminaL  Tbe  green  wire  is  coDaeeted 
to  the  thírd  binding  poat  on  the  terminál  block  and  leads  to  the 
tail  lamp.    The  brown  wire  is  connected  to  the  foorth  binding  poat 
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on  the  terminál  block  and  leads  to  the  large  lámp  in  the  left-hand 
beadlight.  The  gray  wire  is  connected  to  the  fifth  binding  post 
on  the  tenninal  block  and  leads  to  the  small  lámp  in  the  left-hand 
beadlight. 

The  following  connections  are  made  bj  means  of  a  síj:  eon* 
ductor  cable  from  the  instnunent  board  to  the  terminál  block  and 
the  ignition  coil.  The  red  wire  is  connected  from  the  tenninal  on 
the  back  of  the  combination  switch  marked  "Mag''  to  the  left- 
hand  binding  post  on  the  terminál  block.  The  yellow  wire  eon* 
nects  from  one  terminál  on  the  ammeter  to  the  second  binding  post 
on  the  terminál  block.  The  green  wire  is  connected  from  the  term- 
inál on  the  back  of  the  combination  switch  marked  ''Bear"  to  the 
third  binding  post  on  the  terminál  block.  The  brown  wire  is  eon- 
nected  from  the  terminál  on  the  back  of  the  combination  switeJl 
marked  "D"  to  the  fourth  binding  post  on  the  terminál  blocjc 
The  gray  wire  connects  from  the  terminál  on  the  back  of  tbe 
combination  switch  marked  "L  heads"  to  the  fifth  binding  post 
on  the  terminál  block.  The  black  wire  connects  from  the  terminál 
on  the  back  of  the  combination  switch  marked  "Coil"  to  the 
common  terminál  of  the  four  ignition  coils. 

Another  six  conductor  cable  makes  the  following  eonneetionSk 
The  black,  red,  blue  and  green  wires  connect  from  the  distributér 
to  the  four  terminals  of  fhe  ignition  coils.  The  brown  wire  eon* 
nects  from  the  fourth  binding  post  on  the  terminál  blo^  to  the 
large  lámp  in  the  right-hand  headlamp.  The  gray  wire  eonnects 
from  the  fifth  binding  post  on  the  terminál  block  to  the  small 
lámp  in  the  right-hand  headlamp. 

A  single  black  wire  leads  from  the  terminál  on  the  eiitovt  to 
one  of  the  terminals  on  the  back  of  the  ammeter  and  from  this 
samé  terminál  on  the  ammeter  the  eonnection  is  eztended  bj  a 
piece  of  black  wire  to  tte  terminál  on  the  back  of  the  eombiaft* 
tion  switch  marked  "Bat." 

A  black  wire  connects  from  the  first  binding  post  on  the  temi* 
nal  block  to  the  horn  switch,  and  another  blaek  wire  eoaaeets 
from  the  horn  switch  to  the  horn. 

Four  high'tension  wires  lead  from  the  high-tensioB  termisals  of 
the  coils  to  the  spark  plugs  in  the  tops  of  the  fonr  cjlinders.  Tbe 
cylinders  are  numbered  consecntivelj  from  the  front  end  of  the 
engine  toward  the  rear.    The  f iring  order  is  one,  threi^  '"OVi  tve^ 
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Ekctrical  Circuits 

The  principál  electrical  circuits  of  tbe  F.  A.  starting  and  light- 
ing  systém  may  be  easily  traced  by  reference  to  tbe  wiring  dia- 
terminal  of  the  generátor  you  pass  through  the  cutout  contacts, 
gram  shown  in  Fig.  366. 

C harging Circuit:  Starting  with  the  positive  or  undergrounded 
terminál  of  the  generátor  you  pass  through  the  cutout  contacts, 
when  they  are  closed,  along  the  black  wire  to  one  terminál  of  the 
ammeter,  through  the  ammeter  and  along  the  yellow  wire  to  the 
second  binding  post  on  the  terminál  block,  then  along  another 
yellow  wire  to  one  terminál  of  the  starting  switch,  then  along  the 
heavy  battery  to  switch  cable  to  the  positive  terminál  of  the  bat- 
tery,  through  the  battery  to  the  negative  terminál  which  is  ground- 
ed  to  the  frame  of  the  car  then  along  the  frame  of  the  car  to  the 
negative  terminál  of  the  generátor  which  is  also  grounded  to  the 
frame  of  the  car,  through  the  armatúre  winding  to  the  positive 
terminál,  thus  completing  the  eircuit.  If  the  electrical  pressuxe 
of  the  generátor  exeeeds  the  pressure  of  the  battery  a  current  will 
flow  through  the  battery  from  its  positive  terminál  toward  its 
negative  terminál  and  the  battery  is  said  to  be  charging.  The 
value  of  the  charging  current  will  be  indicated  on  the  ammeter. 
This  charging  operation  will  continue  as  long  as  the  generátor 
pressure  exeeeds  the  battery  pressure  and  when  the  generátor 
pressure  drops  below  the  battery  pressure  the  eircuit  will  be  opened 
by  means  of  the  cutout  and  it  will  not  be  closed  again  until  the 
generátor  pressure  has  increased  to  a  value  greater  than  the 
battery  pressure. 

Starting  Motor  Circuit :  Starting  with  the  positive  terminál  of 
the  storage  battery  you  can  trace  along  the  heavy  cable  to  the 
starting  switch,  then  through  the  starting  switch  when  it  is  closed, 
then  along  the  starting  switch  to  motor  cable,  through  the  field 
windings  of  the  starting  motor,  through  the  armatúre  of  the  start- 
ing motor  to  the  grounded  terminál  or  frame  of  the  car,  along  the 
frame  to  the  negative  terminál  of  the  storage  battery  which  is 
also  grounded,  through  the  storage  battery  to  the  positive  terminál, 
thus  completing  the  eircuit. 

Ligkúng  Circuits:  Starting  with  the  positive  terminál  of  the 
battery  you  can  trace  along  the  heavy  battery  to  switch  cable, 
thtn  ihrough  the  yellow  wire  to  the  second  binding  poft  on  the 
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terminál  block,  t  hen  through  another  yellow  wire  from  the  second 
binding  post  on  tbe  terminál  bloek  to  one  terminál  of  the  ammeter, 
through  the  ammeter  to  the  battery  terminál  of  the  combination 
switch.  Now  if  the  lighting  switch  is  thrown  to  the  position  mark- 
ed  "On"  the  circuit  will  be  oompleted  as  follows:  from  the 
terminál  on  the  baek  of  the  combination  switch  markcd  "L  heaď ' 
along  the  gray  wire  to  the  fifth  binding  post  on  the  connectinp 
block  and  from  this  point  the  circuit  divides,  a  gray  wire  lead- 
ing  to  each  of  the  largc  bulbs  in  the  head  lamps  through  the 
bulbs  to  the  f  ráme  of  the  car  or  ground,  t  hen  along  the  f  ráme  of 
the  car  to  the  negatíve  terminál  of  the  battcry  whioh  isalso  ground- 
ed  through  the  battery  to  the  po8Ítive  terminál  thus  completing 
the  circuit.  If  the  lighting  swittch  is  thrown  to  the  position  mark- 
ed  **Dim"  the  circuit  from  the  combination  switch  will  be  com- 
pleted  as  follows:  from  the  terminál  marked  ''D**  along  the 
brown  wire  to  the  fourth  binding  post  on  the  terminál  block,  an«i 
from  this  point  the  circuit  dividcs  a  brown  wire  leading  to  car  n 
of  the  small  bulbs  in  the  headlamps,  through  the  bulba  to  the 
frame  of  the  car  and  the  rcmainder  of  the  circuit  is  the  samé  &si 
f  or  the  large  lamps.  With  the  lighting  switch  in  either  the 
"Dim"  or  **0n*'  positions  a  circuit  through  the  tail  lámp  will 
be  established  as  follows:  from  the  terminál  on  the  back  of  the 
combination  switch  markcd  **Kcar"  along  the  green  wire  to  tho 
third  binding  post  on  the  terminál  block,  along  another  green  wire 
to  the  tail  lámp,  through  the  bulb  to  the  frame  of  the  car,  or 
ground,  back  to  the  negatíve  terminál  of  the  battery,  through 
the  battery  to  the  positive  terminál  of  the  battery  thus  romplet 

ing  the  circuit. 

Battery  Igniiion  Circuit :  Current  f  or  ignition  purposes  will  be 
supplied  by  the  battery  when  the  ignition  key  is  turned  into  the 
position  marked  "Bať*  and  the  circuit  may  be  traced  as  follows: 
The  circuit  from  the  positive  terminál  of  the  battery  to  the 
''Baf  connection  on  the  back  of  the  combination  switch  ia  the 
samé  as  f  or  the  lighth-  which  was  traced  in  the  previous  paragraph. 
From  the  terminál  on  the  back  of  the  combination  switch  marked 
"Coiľ'  you  can  trace  along  the  black  wire  direct  to  the  roil 
terminál  which  is  conimon  to  one  sidc  of  each  of  the  four  primáry 
windings.  The  circuit  will  be  com  pleted  through  car  h  of  the  four 
primáry  windings  in  re*rular  c»rder  by  meana  of  the  timer  wkirh 
will  ground  one  end  of  each  of  the  black,  red,  bliM  mmA  gnca 
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wires  leading  Írom  the  primáry  windings  of  the  coils  to  the 
timer.  The  grounding  of  each  of  those  wires  in  turn  completes 
the  Circuit  back  to  the  negative  terminál  of  the  battery  through 
the  battery  to  the  starting  point. 

to  the  first  binding  post  of  the  terminál  block,  then  along  the  black 
Horn  Circuit:     From  the  magneto  terminál  along  the  red  wire 
wire  to  the  horn  switch,  from  the  horn  switch  along  another  black - 
wire  to  the  horn  terminál,  through  the  horn  win<Ung  to  the  f  ráme 
of  the  car  and  back  to  the  grounded  terminál  of  the  magneto. 

Maintcnaiice  of  F.  A.  Electrical  System 

The  maintenance  of  the  F.  A.  starting  and  lighting  systém  may 
f  or  convcnience  be  divided  into  the  following  ňve  groups. 
Maintenance  of  Generátor 
Maintenance  of  Motor 
Maintenance  of  Cutout 
Maintenance  of  Storage  Battery 
Maintenance  of  the  Electric  Wiring 

Each  of  these  different  groups  will  b«»  discussed  in  detail  in  the 
following  paragraphs. 

Maintenance  of  Generátor 

A  generál  classification  of  the  most  likely  generátor  tronbles 
is  given  in  the  table  entitled  Generátor  Trouble  Chárt.  '  It  will  be 
observed  that  all  of  the  generátor  troubles  are  classified  as  being 
either  mechanical  or  electrical  and  they  will  be  discussed  accord' 
ing  to  this  classification. 

Generátor  Mechanical  Troubles 

The  mechanical  troubles  usually  experieneed  in  the  operation 
f  o  the  generátor  are  as  a  rule  confined  to  the  following: 

(a)  Loose  Driving  Gear 

(b)  Broken  Bearing 

(c)  Armatúre  off  Center 

(d)  Shaft  Bent 

(e)  Commutator  Bursted 

Each  and  every  one  of  the  above  mechanical  troubles  can  be 
loeated  by  a  careful  visual  inspection  of  the  generátor. 


522  AUTOMOBILE  ELECTRICAL  SYSTEMS 

(a)  For  example,  také  hold  of  the  gear  by  hand  (i t  is  ftasamed 
the  generátor  has  been  removed  from  the  car)  and  yon  can  tsasily 
determine  ií  it  is  firmly  keyed  to  the  shaft. 

(b)  The  armatúre  may  be  turned  by  hand  to  see  ií  it  runa  freely 
and  noiselessly.  If  it  is  fonnd  that  the  armatúre  sticks  or  tums 
hardy  the  bearings  should  be  ezamined  to  see  if  they  are  broken 
thns  allowing  the  armatúre  to  drag  on  the  pole  pieces. 

(c)  If  the  armatúre  tums  hard  or  seems  to  drag  it  may  be  off 
center  due  to  worn  bearings,  which  can  be  easily  determined  by 
observing  the  freedom  of  the  armatúre  in  the  bearings,  or  the 
drag  may  be  due  to  a  loose  pole  piece,  which  is  caused  by  one  o  f 
the  heavy  screws  holding  the  pole  pieces  in  plače  against  tbe  in- 
side  of  the  generátor  frame  becoming  loosened.  The  remedy  for 
the  trouble,  if  i  t  is  due  to  worn  bearings,  is  to  put  in  new  bearings, 
and  if  it  is  due  to  a  loose  pole  piece  to  tighten  up  the  screw 
holding  the  pole  piece  in  plače.  A  punch  mark  should  be  placed 
in  the  outer  edge  of  the  screw  after  it  is  drawn  up  tight  which 
will  prevent  its  becoming  loosened  as  easily  as  it  might  otherwise. 

(d)  A  bent  armatúre  shaft  is  a  somewhat  unusual  occurrence  bnt 
it  will  cause  the  armatúre  to  appear  to  be  out  of  balance  and  mmy 
even  cause  it  to  drag  on  the  pole  pieces.  It  is  praetieally  im- 
possible  to  straighten  a  shaft  and  tbe  best  and  safest  remedy  íj 
a  new  armatúre. 

(e)  A  bursted  commutator  cannot  be  repaired  and  the  only 
remedy  is  to  put  in  a  new  one.  A  bursted  commutator  wiU  usnally 
be  accompanicd  by  considerable  other  damage  šuch  as  broken 
brushesy  brush  holders,  and  perhaps  the  armatúre  winding  will 
be  injured.  A  new  armatúre  will  doubtless  be  the  cheapest  and 
safest  in  the  end  instead  of  trying  to  put  on  a  new  eommntator. 

In  order  to  inspect  the  brushes,  which  are  located  at  the  rear 
end,  it  will  be  necessary  to  remove  the  rear  end  cover  bánd  which 
is  held  to  the  end  bracket  by  means  of  two  screws.  In  order  to 
remove  the  armatúre,  the  brushes  mušt  be  raised  from  the  commu- 
tator by  puUin^  them  up  in  their  holders  by  means  of  the  bmsh 
pig-tails.  The  brushes  will  be  held  f ree  from  the  eommntator  by 
means  of  the  brush  springs  which  will  press  the  brushes  against 
the  side  of  the  holders.  The  screws  holding  the  front  end  bracket 
should  be  removed  now  and  the  bracket  and  armatúre  mkf  b«  eom- 
pletely  removed  from  the  frame. 


p.  A.  STARTING  AND  LIGHTING  SYSTEM  FOR  FORD  CARS     623 

The  bac  k  end  bracket  may  be  removed  from  the  f  ráme  by 
removing  the  four  sorews  holding  it  in  position  and  then  loosen- 
ing  it  from  the  frame.  The  short  leads  connected  to  the  brushes 
will  not  permit  the  end  bracket  being  removed  but  a  short  dištance 
from  the  generátor  frame  and  if  it  is  desired  to  remove  it  com- 
pletely  the  wire»  and  leads  will  háve  to  be  disconnected. 

Generátor  Electrical  Troubles 

In  the  outline  of  generátor  troubles,  there  are  fonr-snb-head- 
ings  to  the  electrical  troubles  as  follows: 

(f)  Open  Circuits 

(g)  Short  Circuits  and  Grounds 
(h)  Third  Brush  Troubles 

(i)  Cutout  Troubles 

(f)  Open  circuits  are  more  commonly  due'to  a  dirty  commntator, 
wom  commutator,  brushes  being  stuck,  improper  or  no  spring 
pressure  on  the  brushes,  brushes  too  short  or  broken,  anď  broken 
brush  connections.  Some  of  the  more  uncommon  causes  of  open 
circuits  are  an  open  field  windiug,  open  armatúre  winding  and  a 
broken  connection  between  the  commutator  and  the  armatúre  wind- 
ing proper. 

One  of  the  first  tests  to  make  on  the  generátor  is  to  operate  it  as 
a  motor  by  connecting  it  direct  to  a  six-volt  storage  battery  with 
an  ammeter  in  círcuit.  I  f  the  generátor  does  not  operate  as  a 
motor  when  it  is  connected  to  the  battery  and  there  is  no  reading 
on  the  ammeter  you  know  immediately  that  there  is  an  open  circuit 
If  the  generátor  operates  slowly  as  a  motor  and  there  is  a  current 
of  less  than  five  amperes  it  is  an  indication  that  there  is  a  partial 
open  circuit  or  a  poor  connection  in  the  generátor  circuit  which 
does  not  allow  the  proper  amount  of  current  to  flow. 

The  open  circuit  may  be  located  by  means  of  the  test  points  by 
testing  the  different  sections  of  the  circuit  through  the  generátor 
starting  from  the  insulated  terminál  on  top  of  the  frame  and  con- 

tinoing  to  the  grounded  terminál. 

A  simple  testing  outfit  for  locating  opens  is  shown  in  Fig.  36S. 
If  the  test  points  be  applied  to  the  terminajs  of  a  circuit  or  a  por- 
tion  of  a  circuit  and  the  electrical  connection  between  the  pointa 
where  the  test  points  are  applied  is  complete  the  circuit  through 
the  test  lámp  will  be  complete  and  the  lámp  will  light  unless  the 
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resistance  of  the  circuit  between  the  test  points  is  too  high.  The 
test  lamp  will  háve  full  battery  voltage  applied  at  its  terminals 
when  the  test  points  are  connected  direetly  together,  while  if  the 
test  points  are  connected  with  a  resistance  between  them  the  full 
voltage  of  the  battery  will  no  t  be  applied  to  the  lamp  and  i  t  may 
not  bum  depending  úpon  what  voltage  is  actually  applied  to  its 
terminals.  If  the  resistance  of  the  circuit  being  tested  and  the 
resistance  of  the  lamp  are  equal  then  the  voltage  of  the  battery 
will  be  divided  equally  between  them. 

The  connection  between  the  insulated  terminál  and  the  positive 
brush  can  be  tested  by  applying  one  of  the  test  points  to  the 
terminál  and  the  other  one  to  the  brush.    If  the  connection  is  com- 
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piete  the  test  lamp  will  light.  The  electrical  connection  between 
the  insulated  brush  and  the  commutator  may  be  tested  in  a  similar 
manner  by  applying  one  test  point  to  the  brush  and  the  other  one 
to  the  commutator.  The  fíeld  winding  should  now  be  disconnected 
from  the  third  brush  and  test  made  to  determine  the  electrical 
connection  between  the  third  brush  and  the  commutator  and  also 
between  the  grounded  brush  and  the  commutator.  The  field  may 
be  tested  by  applying  the  test  points  to  its  terminals.  If  the  field 
circuit  is  open,  eaeh  coil  may  be  tested  separately  and  the  exact 
one  in  which  the  trouble  exists  determined.  An  open  circuit  can 
thns  be  localized  by  means  of  the  above  tests  and  the  necessary 
Bteps  may  be  taken  to  remedy  the  trouble. 

The  commutator  should  be  examined  to  see  that  it  is  dean,  as 
a  dirty  commutator  will  prevent  good  electrical  contact  between 
the  brushes  and  the  commutator  bárs.  If  the  commutator  is  dirty 
dne  to  grease  and  dirt  it  may  be  easily  cleaned  by  using  a  plece  of 
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clean  rag  moistened  in  gasoline.  A  fine  point ed  piece  of  hard  wood 
shonld  be  used  in  removing  the  dirt  and  grease  from  between  the 
commutator  bárs.  The  mica  insulation  between  the  commotmtor 
bárs  is  cut  away  a  short  dištance  below  the  sarface  of  the  eonunn- 
tator,  or  undercut  as  it  is  commonly  called,  whieh  allows  the 
bmshes  to  make  better  contact  with  the  commutator  ií  the  grooves 
are  kcpt  free  from  all  f oreign  snbstances. 

Quite  often  a  dirty  commutator  is  due  to  sparking  at  the  brushejt, 
and  in  šuch  cases  it  will  be  necessary  to  sand  it  by  means  of  a 
strip  of  veiy  flne  sand  paper  preferably  not  coarser  than  No.  (H). 
The  sand  paper  should  be  applicd  to  the  commutator  by  placing  it 
over  the  end  of  a  piece  of  wood  and  then  holding  the  end  of  the 
piece  of  wood  against  the  commutator  while  the  commutator  is  re- 
volving.  The  end  of  the  piece  of  wood  should  be  cut  oíf  tme  so 
as  to  prevcnt  grooves  being  cut  in  the  surface  of  the  commutator. 

If  the  surface  of  the  commutator  is  badly  wom  so  as  to  allow 
the  mica  insulation  between  the  bárs  to  become  flush  with  the 
surface  of  the  commutator  t  hus  preventing  the  bmshes  from  mak- 
ing  good  electrical  contact  with  the  commutator,  there  is  only  one 
remedy  and  that  is  to  undercut  the  mica.  The  commutator  surface 
should  first  be  t  med  up  by  taking  a  small  cut  oíf  of  i  t  in  a  lathe 
and  then  the  mica  should  be  cut  away  from  between  the  bárs  to 
a  depth  of  about  1/32-inch.  An  end  view  of  the  commutator  with 
the  mica  corrcctly  cut  away  is  shown  in  Fig.  369,  and  one  in  which 
i  t  is  incorrectly  cut  away  is  shown  in  Fig.  370.  A  convenient  tool 
for  cutting  away  the  mica  may  be  made  from  an  old  back  saw 
blade  by  grinding  cff  tho  sides  of  the  tecth  so  that  the  saw  will 
make  a  cut  the  samé  width  as  the  mica  and  then  providing  a  suit- 
able  handle  for  it  as  shown  in  Fig.  371.  The  groove  in  the  miea 
372,  and  the  saw  then  used.  Be  oareful  in  using  the  saw  not  to 
may  be  started  by  means  of  a  three-comered  filé  as  shown  in  Fig. 
mar  the  edges  of  the  commutator  bárs  any  more  than  you  ran  belp. 
The  rough  burs  along  the  edgcs  of  the  bárs  should  be  removed  by 
means  of  a  fine  filé  and  the  commutator  surface  well  sanded  before 
it  is  put  into  service. 

An  open  circuit  may  be  caused  by  the  bmshes  sticking  in  tbeir 
holders  and  if  šuch  is  found  to  be  the  čase  the  bmshes  and  bmsh' 
holders  should  be  thoroughly  cleaned  so  that  the  brasbes  move 
freely  under  the  action  of  the  spiral  springs  pressing  tbem  nm  Ibe 
surface  of  the  commutator. 
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Au  open  circnit  between  the  briuhea  Bod  cominutator  majr  be  dne 
to  Dftt  havi&g  Bnfficient  spríog  tension  on  the  broBbes  bo  aa  to  hold 
them  íd  eontact  with  the  cornmutator.    Tmproper  apring  teDgion  on 
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the  bmahes  will  reeult  in  sparkiog  at  tho  brashes  sDd  a  bnmed 
and  blaekened  commntator  vili  rcsult  which  will  tend  to  opcn  tho 
circoít  between  the  rosunatator  »nd  the  bruahee.     A  uen  spring 
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ia  the  beat  and  aafest  remedj  for  this  job  and  the  cosunntator 
and  bntshes  shonld  be  thoroagbl;  rleaned.  If  the  spring  preasnre 
ia  too  great  it  haa  the  effect  of  rapidly  weariog  out  the  pommutator 
and  the  brushes,  but  is  usually  conaidered  better  practice  tban  too 
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little  spring  preutire.  The  Rpring  preatnre  ihould  !>•  niffieiMit  to 
Bnap  ths  bnuh  back  on  the  commatstor  wben  it  ii  raiMd  b;  pnll- 
ing  OD  the  pig-táil  and  then  releaBed. 

An  opeii  ciretiit  maj  b«  ULiued  hj  the  bruahes  b«ing  wom  to 
sDch  an  extent  the  springs  wUI  uot  cauie  them  to  make  electric«l 
coDtact  with  the  snrface  of  the  comrnutstor.  The  oni;  remedy  for 
a  CQndition  of  tbie  kind  íb  to  replace  the  old  brushes  with  oew 
onee.  Tfae  uew  bnuhei  ahonld  be  sanded  in  aa  ebown  in  Figs.  373, 
374,  aod  375.  rigi.  373  and  374  show  two  methoda  of  (aodiog  ia 
the  third  bnuh  while  Fig.  375  ahoíra  the  conect  method  of  ^«^l^^l^g 
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in  the  two  lower  or  main  brnshea  and  Pig.  378  showa  tho  ia- 
correct  method  of  aanding  in  the  third  bnuh.  The  aw  of  eoa- 
tact  betneen  tbe  brushes  and  the  commutatoT  should  correapond 
to  the  fall  width  of  the  bnuh. 

The  pig.t«il  conDeetion  Írom  tbe  bnuh  to  tbe  bnuh  boldor  may 
be  broken  or  the  connections  may  be  looee  or  broken  and  in  cneh 
catcs  therp  will  be  an  open  ciKtift  tiom  tbe  bnuh  to  the  bnuh 
holder  or  the  tircuít  wiH  be  of  eomparatively  higb  reaiataneo. 

An  open  cireatt  in  the  annatnre  winding  will  eaose  oxeeMlve 
Bparking  at  tbe  commntator  and  aeveral  of  the  eammntator  kais 
will  be  blackened  and  perhape  bnned  dne  to  tbc  fr***^,    A  vi^ 
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■imple  and  effective  test  for  locatiog  op«ti  eírcnits  in  ftn  ann&ture 
wioditig  ÍB  shovn  diagruDmaticaiIlr  in  Tig.  377.  Au  anuneter, 
one  c«ll  of  &  atorage  batterj  &nd  the  test  poinU  are  connected 
in  Kriea.  The  test  points  are  applied  to  adjacent  commntator 
bftn  all  the  way  aronnd  the  commutator  and  the  ammeter  reading 
for  Mch  eombination  íb  carefullj'  obserred.  In  Fig.  377  the  test 
pointa  are  connected  to  the  commutator  and  the  armatúre  ehaft 
^hich  la  correct  for  the  ground  test.  If  the  ammeter  readings 
cre  all  the  samé  there  are  co  opeit  circuita  in  tbe  armatúre  wind- 
ing,  but  if  one  or  more  readings  of  tbe  ammeter  diSer  from  the 
others  to  an^'  extent  there  íb  an  open  circuit.  The  open  maj  bo 
'   a  brolien  wire  leading  to  the  eommutator,  or  tbe  wire  maj  bave 


Figi.  375  ani  Zl^—Comd  sud  itonai  meUiod  oj  "sa^tčing  in"  main  inula. 

eome  lUBOldered  Írom  the  eommatator  and  a  careíni  iospeetioa 
of  the  armatúre  will  enable  jroa  to  determine  if  either  of  thete 
conditions  is  the  canse  of  the  trooble.  If  the  trouble  preves  to 
b«  witbin  the  annatnre  wínding,  the  complete  windiag  will  no 
donbt  háve  to  be  removed,  and  it  will  do  donbt  ba  ehaaper  io 
pnt  in  a  new  armatore  than  to  attempt  to  rewind  the  oid  one, 
anlem  it  ís  an  extréme  emergencj. 

(g)  Amuning  all  of  'he  raochaniŕal  ditíicnJtieB  bave  boen  cor- 
rected  and  that  the  generátor  will  not  mn  as  a  motor  when  it  is 
connected  to  tbe  storage  battery  bot  a  reading  of  four  or  Sve 
ac:pc7C3  is  indicated  on  tbc  ammeter  connected  in  circuit,  or  if 
the  generátor  mng  very  rlc^Iy  as  ::  icotor  and  draws  more  currcBt 
tbas  it  ihonld,  It  ii  ftn  indieation  that  the  enmat  ii  aot  setully 
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passing  through  the  armatúre  and  field  windings  in  the  proper 
way  but  a  portion  or  all  of  it  is  bcing  shunted  through  a  short  or 
grounded  connection  and  is  thus  not  eflfcctive  in  the  operation 
of  the  generátor  as  a  motor.  The  more  common  causes  of  this 
kind  of  trouble  aro  grounded  brushes  and  grounded  main  gene- 
rátor terminál,  and  some  of  the  more  unconunon  caoses  ar« 
grounded  commutator,  grounded  armatúre  winding,  grounded  field 
ľoils  and  short  circuited  armatúre  or  field  coils. 

The  insulation  between  the  main  generátor  terminál  and  the 
framc  of  the  generátor  may  be  tested  by  first  disconnecting  the 
lead  from  this  terminál  to  the  positive  brush  from  the  positive 
bnish  holder  and  then  apply  one  of  the  test  {Hiints  to  the  terminál 
end  one  to  the  frame  of  the  generátor.    Jí  there  is  no  indieation 


conrH/TfnúR 
tmnfmme  sn/m 


Fig.  377,— Teäing  armaiurefor  grounds. 


Fig.  Z7S.—Tt$iiwgfiMfifr  grotméi. 


on  the  ammeter  the  terminál  is  insulated  from  the  frame.  If  the 
ammeter  shows  a  reading  the  terminál  insulation  i  s  in  trouble 
and  a  careful  inspection  should  be  made  of  the  insnlating  wasbers 
and  the  insulation  on  the  lead  from  the  terminál  to  the  positive 
brush.  The  ground  may  be  due  to  dirt  having  collected  around  the 
terminál  and  a  thorough  cleaning  will  correct  the  trouble. 

The  brush  holders  for  the  positive  and  third  bntsbes  may  be 
tested  for  grounds  by  placing  one  of  the  test  potnts  on  the  frame 
and  the  other  point  on  the  holder,  the  field  connection  to  the  third 
brush  having  been  removed,  and  a  picce  of  paper  plaeed  between 
cach  of  the  brushes  and  the  commutstor.  If  a  ground  shows  np 
the  trouble  is  due  to  dirt  or  poor  insulation  and  an  inspeefioa 
will  determine  the  ezact  cause  of  the  trouble.       Thm  ■ngitin 
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brush    bolder    is    grounded    permancntly    and   tho    test    does   not 
apply   to   it. 

Both  tormioals  of  thc  íield  should  be  disconnectcd  from  the 
l»rushes  as  shown  in  Fig.  «178  and  then  one  test  point  applied  to 
the  field  and  one  to  the  f  ráme  of  the  generátor.  If  the  test  shows 
a  ground  then  disconnect  tho  windings  from  each  other  and  test 
each  of  them  separatoly.  The  field  coil  found  to  be  in  trouble 
should  be  removed  and  thc  reiosiíarj'  repairs  niade  or  a  new  one 
substituted.  A  test  should  be  made  after  the  ťoil  has  becn  put 
}>aľk  in  plače  first  on  thc  indivídua!  coil  and  then  on  the  entire 
íield  after  the  coils  arc  rcconnected.  The  commutator  uuder 
normál  conditions  is  insulated  from  the  shaft  of  the  armatúre 
and  there  is  no  electriťal  connection  between  it  and  the  shaft. 
The  commutator  may  be  testcd  for  grounds  whcii  it  is  in  the 
generátor  by  first  rcnioviiig  the  brushes  from  thc  commutator  or 
by  plaťing  pieces  of  papcr  undcr  them  and  then  applying  one  .of 
ihc  test  points  to  thc  commutator  and  the  other  to  the  armatúre 
shaft  as  shown  in  Fig.  377.  If  there  is  no  rcading  on  the  ammeter 
it  shows  that  the  commutator  as  well  as  the  armatúre  winding  is 
insulated  from  the  armatúre  shaft  and  core.  If  the  test  shows  a 
ground  it  may  be  bctwccn  the  armatúre  winding  an<l  the  core  or 
between  thc  commutator  and  the  shaft.  If  the  ground  cannot 
be  located  by  a  careful  inspection,  it  will  be  bcst  to  replace  the 
ilefective  armatúre  with  a  new  one.  A  grounded  coil  may  be 
located  by  applying  one  of  the  test  points  to  cach  of  the  com- 
mutator segments  in  rcgular  order  and  the  other  test  point  in 
contact  with  the  armatúre  shaft,  and  each  of  the  ammeter  read- 
ings  will  be  approximatcly  thc  samc  for  all  of  the  commutator 
bárs.  If  one  of  the  intlividual  commutator  bárs  or  a  particular 
coil  is  grounded  one  of  thc  ammeter  readings  will  bc  largcr  than 
the  others  and  this  rcading  will  occur  whcn  tlie  tist  jtoint  is  in 
contact  with  the  grounded  segment  or  the  segment  connccted  to 
the  grounded  coil.  As  stated  above,  a  careful  inspection  will  often 
locate  the  trouble. 

Short  circuited  coils  raav  be  located  in  exactlv  the  samé 
manner  as  that  employcd  m  locating  open  armatúre  coils.  If  all 
thc  ammeter  readings  arc  approximatcly  the  samo  the  coils  are 
all  in  good  conditíon,  but  if  one  or  more  of  the  readings  is  highcr 
than  the  average,  it  is  an  indication  that  the  coil  connected  be* 
twee&  the  iwo  segmentB  on  which  the  test  poiate  are  plaeed  ia 
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short  circuited.  The  increase  in  current  is  due  to  a  decrease  in 
resistance  caused  hy  one  or  more  of  the  turns  in  the  eoil  being 
cut  out  of  service  on  account  of  defective  insulation.  The  exact 
íocation  of  the  trouble  may  be  determined  by  a  careful  examina- 
tion  of  the  armatúre  winding. 

A   short   circuit    in    the   field    winding  may   be   determined   by 
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Pig,  379.— ľ«/iiv  field  for  $kori  eircuiL. 


sending  a  current  through  the  four  coils  in  serieš  by  meaos  of  a 
Btorage  battery  as  shown  diagrammatically  in  Fig.  379.  Th*- 
resistance  of  the  field  winding  of  the  F.  A.  generátor  varies  froín 
2.7  to  3.3  ohms  depending  úpon  whether  the  coils  are  wouiid  with 
single  cotton  enameled  wire  or  double -cotton  covered  wira.  A  u\\ 
volt  ftorage  battery  should  produce  a  current  of  mpgnMtmUitij  2.5 
mmp^ret,    U  th«  aminet^r  reading  it  noticeably  tamar  AM  Mi  it 
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Í0  an  indication  that  some  of  the  turna  in  one  or  more  of  the  field 
coils  are  shorted  and  it  is  then  necessary  to  determine  whicb  ones 
are  defective.  The  insulation  should  be  removed  f rom  the  joint  be- 
tween  the  coils  and  a  test  made  on  each  separáte  coil.  The 
ammeter  reading  f  or  each  separáte  coil  should  be  the  samé  if  they 
are  all  in  good  condition.  If  any  oné  of  the  coils  show  a  decided- 
I7  higher  reading  than  the  others  it  indicates  that  a  portion  of 
that  coil  is  shorted  and  not  effective  in  producing  a  magnetic  field. 
The  damaged  coil  should  be  removed  and  repaired  or  replaced  by 
a  new  one  and  the  complete  winding  retested  after  the  coils  are 
all  back  in  plače  and  reconnected. 

(h)  The  operation  and  adjustment  of  the  third  brush  has  been 
described  in  the  section  on  the  generátor  and  it  is  only  neces- 
sáry  to  mention  the  fact  that  the  generátor  output  is  increa»«u 
by  moving  the  third  brush  in  the  direction  of  rotation  and  de- 
creased  by  moving  the  third  brush  in  the  opposite  direction  tó 
the  direction  of  rotation  of  the  armatúre.  The  contact  of  the 
third  brush  should  be  as  good  as  possible  and  the  spring  pressure 
sufficient  to  keep  it  in  firm  contact  with  the  commutator. 

(i)  Cutout  troubles  are  in  the  majority  of  cases  caused  by 
failure  to  close  and  second  by  failure  to  open.  Failure  to  closé 
may  be  due  to  the  voltage  or  pressure  coil  bcing  open  or  shorf 
circuited  and  the  contacts  may  be  so  dirty  that  they  do  not  make 
electrical  contact  after  they  are  drawn  together. 

The  contact  may  fail  to  open  due  to  the'  points  being  welded 
together  due  to  continued  opening  and  closing  of  the  cutout  whicfi 
causes  excessive  sparking.  The  spring  tension  on  the  armatúre 
may  not  be  correct  which  will  cause  the  cutout  to  open  and  close 
at  the  wrong  time. 

The  electrical  circuits  of  the  cutout  may  be  tested  by  means  of 
the  test  points  and  the  contact  may  be  cleaned  with  a  very  fine 
emery  cloth  or  with  a  very  fine  jewelers  filé.  The  internal  cir- 
cuits of  the  dash  and  generátor  types  of  cutouts  are  shown  in 
Figa.  353  and  354. 
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Maintenance  of  Motor 

Motor  troubles  are  elassified  the  samé  as  generátor  troubles 
and  a  complete  chárt  of  these  troubles  is  giveu  f  or  the  conveu- 
ience  of  the  reader.  « 

Motor  Mechanical  Troubles 

The  principál  mechanical   troubles   are   as   follows: 

(a)  Broken  or  Worn  Beanng 

(b)  Armatúre  off  Center 
Cc)  Shaft  Bent. 

(d)  Commutator  Bursted 

(a)  The  bearings  on  the  motor  are  solid  instead  of  balí  bear- 
ings  as  in  the  čase  of  the  generátor.  The  motor  runs  a  very  small 
perccntage  of  the  time  that  the  generátor  is  run  and  f  or  thi«« 
reason  the  solid  bearings  will  meet  all  of  the  reqnirements  i  t 
they  are  protected  by  not  allowing  any  dirt  to  get  into  them  when 
they  are  takcn  out.  If  úpon  inspection  the  bearings  are  founi 
to  be  badly  worn  they  should  be  replaced  with  new  ones.  Worn 
bearings  or  a  badly  bent  shaft  may  allow  the  armatúre  to  drag  on 
the  pole  pieces  and   cause   some  serious  damage. 

(V))  The  armatúre  may  drag  and  appcar  to  be  oflf  center  due  to 

one  or  more  of  the  pole  pieces  being  loose  and  the  remedy  f  or  a 

condition  of  this  kind  is  to  draw  the  pole  picce  back  in  plače  by 

tightening  the  screw  which   holds   it.     Tt  is  advisable  to  plače  a 
rather  deep  punč  h  mark  iu  the  outer  edge  of  the  screw  after  i*. 

is  drawn  up  which  will  kcop  it  from  working  loose  so  easily. 

(c)  A  bent  armatúre  shaft  is  more  likely  to  occur  in  the  opera- 
tion  of  the  motor  than  in  the  čase  of  the  generátor  and  especiarii 
if  the  spark  lever  is  advanced  to  šuch  an  extent  that  the  engine 
'^kicks  back'\  It  is  almost  impossible  to  straighten  a  bent  shaft 
and  the  quickest  and  best  way  is  to  put  in  a  new  armatúre. 

(d)  A  bursted  commutator  usually  causes  considerable  othŕr 
damage  especifilly  to  the  brushes  and  brush  holders.  Th©  b<*í 
practice  is  to  replace  the  oM  armatúre  with  a  new  one  as  thf* 
cost  and  inconvenience  in  making  the  repairs  will  amoniit  to 
more  than  a  new  armatúre. 
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Motor  Electiucal  Tkoublss 

In  the  outliiio  of  motor  troubles  there  are  two  sub-headingB  a!i 
follows 

(e)  Open  circuits 

(f)  Short  circuits  and  groonds 

(e)  Open  circuits  are  more  commonly  due  to  dirty  commatator, 
wom  commutator,  bmsbes  stuck  in  tbe  holders,  improper  or  no 
spring  pressure,  bmshes  too  short  or  broken,  broken  bnuh  con- 
nections,'  open  fieid  circuit,  open  armatúre  circuit  and  a  broken 
connection  between  the  commutator  and  annature  windings.  An 
open  circuit  in  the  starting  motor  may  be  detectcd  by  making  m, 
free  running  test  on  it  with  an  ammeter  in  circuit.  If  the  motor 
fails  to  run  and  there  is  no  reading  on  the  ammeter  it  indicates 
that  the  motor  circuit  is  open.  If  the  motor  runs  very  slowij  and 
takes  considerably  less  than  75  amperes  it  indicates  that  there 
is  a  partial  open  circuit  or  a  poor  connection  or  contact  some 
plače  in  the  motor  circuit.  The  generál  mcthod  of  locating  open 
circuits  in  the  čase  of  the  motor,  ezcept  for  the  armatúre,  i^ 
practically  the  samé  as  in  the  čase  of  the  generátor  which  bas 
alreadv  been  described  in  detail.  The  resistance  of  the  windini? 
of  the  motor  armatúre  is  so  very  low  that  the  method  employe«l 
in  the  casc  of  the  generátor  cannot  be  used  satisfactorUy  for  the 
motor  armatúre.  The  only  place  that  an  open  circuit  is  likely  to 
occur  ia  where  the  onds  of  the  coils  connect  to  the  comrnutator 
bárs  and  it  can  usually  be  detected  by  a  careful  inspection.  The 
wires  should  be  raised  from  the  slot  in  the  commutator  ríser  and 
thoroughly  cleaned,  then  resolder  in  place.  An  open  armatnre 
coil  causes  a  "flat"  to  develop  due  to  continuous  arcing  at  that 
particular  spot.  The  internal  connoctions  of  the  motor  are  shown 
diagrammatically  in  Fig.  357. 

(f)  I  f  the  motor  fails  to  turn  or  turns  very  slowly  when  you  are 
making  the  free  running  test  and  it  draws  a  current  qnite  a  bit 
larger  than  75  amperes  it  is  an  indication  that  there  is  a  gronnd 
or  short  circuit  in  the  motor.  Troubles  of  this  kind  are  likely 
to  occur  due  to  grounded  brush  holders,  grounded  main  motor 
terminál,  grounded  armatúre  winding,  grounded  íleld  windiags, 
short  circuited  armatúre  cpils,  and  short  cireuited  fléld  eoila. 

The  tests  for  grounds  in  the  čase  of  the  motor 
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the  samé  as  in  the  čase  of  tbe  generátor,  but  the  shorts  can  not 
be  easily  located  as  in  the  čase  of  the  generátor,  on  account  of 
the  verj  low  resistance  of  the  armatúre  windings.  The  only 
practical  method  of  locating  shorts  in  armatúre  coils  is  by  meanf. 
of  a  "growler''  unless  the  trouble  is  indicated  visually  by  burned 
or  flatted  commutator  bárs. 

Maintenanoe  of  Stormge  Battery 

The  storage  battery  is  really  the  heart  of  the  electrical  systém 
and  for  this  very  reason  it  should  not  be  neglected.  The  prin- 
cipál points  to  bear  in  mind  in  taking  čare  of  the  storage  bat- 
tery are  the  following: 

(a)  Keep  the  plates  covered  with  electrolyte  by  adding  water 
or  acid  as  conditions  may  require. 

(b)  The  battery  should  ke  kept  in  a  charged  condition  and 
under  no  circumstances  allowed  to^stand  for  any  length  of  time 
ia  a  discharged  condition. 

(c)  The  tenninals  to  the  battery  should  be  cleaned  occasionally 
so  as  to  prevent  undue  corrosion. 

(d)  The  battery  should  b  e  firmly  anchored  in  position  so  as  to 
prevent  its  being  bounced  about. 

Maintenance  of  the  Electric  W^ing 

In  maintaining  the  electric  wiring  in  connection  with  the  F.  A. 
sttarting  and  lighting  systém  the  following  suggestions  should  be 
observed. 

(a)  See  that  all  connections  are  clean,  tight  and  making  good 
electrical  contact. 

(b)  See  that  all  wires  are  properly  anchored  in  plače  and  not 
subject  to  mechanical  abrasion. 

(c)  Keep  all  wires  as  free  from  dirt  and  oil  as  possible. 

(d)  Inspeet  the  ground  connections  occasionally  to  see  that 
they  are  tight  and  making  good  electrical  contact. 
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TO  supplement  the  wiring  diagram  s  on  ttae  preceding  pages 
there  is  offered  in  the  section  following  tables  of  the  elec- 
trical  equipment  of  passenger  cars  f  or  the  pást  five  years. 
Both  in  conjunction  with  the  diagrama  and  as  independent  dáta  the 
tables  will  be  valuable  to  owners  and  service  men.  The  men  em- 
plojed  in  the  electrical  departments  of  service  stations  daily  are 
confronted  with  electrical  problems  wherein  it  is  desired  to  know 
what  tjpe  and  size  f uses  are  used  on  certain  cars,  what  the  lámp 
voltage  is,  whether  the  systém  is  two-wire  or  grounded,  whether  the 
lámp  bulbs  are  single  or  double  contact,  if  the  dash  and  taillight 
are  in  serieš,  whether  the  generátor  has  third-brush  regulation  or 
inherent  regulation,  and  a  host  of  other  similar  qucstions. 

To  this  end  the  electrical  specifications  of  passenger  cars  háve 
bcen  prepared  in  the  form  o  f  condensed  tables  to  assist  service  sta- 
tion  emplojees  and  car  owners  in  immediatelj  ascertaining  the  ná- 
ture of  the  electrical  systém  used  on  any  particular  car,  together 
with  the  details  o  f  that  systém.  This  eliminates  all  guess  work  and 
speeds  up  service  bccause  the  repairman  then  is  in  position  to  pick 
out  exactly  the  right  íji^e  of  fuse,  the  right  lámp  bulbs,  etc.  Those 
that  mušt  look  aftcr  the  maintenance  of  electric  systems,  thus  háve  in 
a  nutshell  the  information  needed  in  their  daily  work,  which  would 
require  considerable  effort  to  get  otherwise.  Besidcs  it  offers  the 
chance  for  substitution  in  certain  cases,  so  that  if  the  service  sta- 
tion  happens  to  be  out  of  a  certain  article,  a  glance  at  the  specifica- 
tions will  show  what  might  be  substituted,  inasmuch  as  the  article 
may  be  obtainable  in  some  other  establishment. 

Likewise  these  tables  will  assist  the  owner  in  purchasing  equip- 
ment šuch  as  bulbs,  plugs,  etc. 
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Electrical  Equipment  of  1916  Cára 
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8. 

Imp4'rial  . . . 

...  WľstlníihoiiNO. 

2 

Wlllanl 

3 

100 

&S 

e 

21 

8, 

Interstate   . . 

.  .llomy 

o 

«. 

Willard 

3 

80 

6 

e 

16 

& 

Jar 
Jefl 

'kson    . . . . 

...  Auto- Lite  .. . . 

o 
2 

Willard 
V.  S.  L. 

3 
3 

100 

80 

6   • 
7.5 

6 

e 

13 

18 

8. 

rery 

.•lUjur  

& 

Koams 

.  .DIsco 

1 

Fumpelly  6 

eo 

12 

12 

10 

• . 

KinfT  D 

., W.   I^oonanl.  . 

2 

Willard 

3 

80 

6 

6 

15 

8. 

Kin{?  E 

.. W.   I>»onard. . 

1 

Willard 

3 

80 

0 

6 

IS 

ft 

KlBSOl     

..West.  &  KlPsel 

o 

Willard 

3 

lOS 

7 

1 

IS 

Kline 

. .  W<»stintrho«so. 

2 

Wlllanl 

3 

00 

6 

la 

R 

Lenox  

,.  Westlnehou^p. 

2 

Exlde 

3 

100 

6 

• 

u 

|. 

I^xlnKton   . . 

. .  Wo«5tl nehou se. 

2 

Wlllanl 

3 

100 

6 

•^ 

.!f 

E 

Loromoblle  . 

. .  Wostlnphniise. 

2 

Willani 

3 

iš^ 

0-T 

|l 

LÄ- 

.  K 

LoKior 

..Gray  &  Davls. 

2 

Willard 

3 

9m 

-*%- 

•i^ 

IM 

L^ 

L.  P.  r 

UcFarlan  .. . 

. .  Remy 

. .  We<IInifhou«e, 

1 
2 

Wlllanl 
OotiId 

6 
3 

M. 

^ 

^ 

1 

i 

á 

■ 
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Electrical  Equipment  of  1916  Cars— Concluded 


MAKE  and 
MODEL 
OF  CAR 


Make  of 
System 


Ofl 


53a 


Madison 
MaiioD 
Mariuon  . 
Maxwell  . 
Mecťft  . , . 
Merťer  .. 

Metx 

Mltchell-6 
Mltchell 
Molioe   .. 


•  •  •  ••• 


Monroe 

Moon 

National 

Norwallc    

Oakland-32   . . . 
Oakland-38.  50 

Olds 

Overland  .  * .  • . 
Owen  ........ 

Packard  

Palge    

Paterson 

Pathfinder   .... 

Pcerless   

Plerce- Arrow  .. 

Pilot 

Pilot 

Premiér    

Piillmao   

Regál    

KenilDgton  . ... 

Uoo   

Repiil)Iic    

Ross 

Saxon  

Scrlpps-B    

Simpiex-Crane , 
SloŔer   

^>      J.     K.    •    .     •    •    ..a 

Sfmuldinf;   . . . . 

Stnnrlard   

States    

Síearns   

SrerlinK    

Stewart 

Stiidebaker  . . , 

Stutz 

Sun 

Velie 

Westcott 

Wlilte    

WIUjs-K 

Winton    


Remy 2  Willard 

Westingliouse.  1  Willard 

Rosrh 2  Willard 

Simms-IIuff  ..    1  Prefeto 

Disco 2  Ex  ide 

I  .  S.  L 1  U.  ^.  L. 

Gray  &  Davis.   2  Willard 

Apelco 1  Willard 

Westlnghouse.  2  Willard 
Wagner  gen. 
Auto-L.  štartér 

Auto-Lite 2  Willard 

Delco 1  Willard 

Westlnghou>e.  2  Willard 

Westlnghouse.  2  Willard 

Remy 2  Willard 

.Delco 1  Exide 

Delco 1  Exide 

Auto-Lite    ...   2  Willard 

Owen Willard 

Bijur 2  Willard 

Gray&Davis.   2  Willard 

Delco 2  Willard 

Westlnghouse.  2  Willard 

Gray&Davi«.   2  Willard 

Westlnghouse.  2  Exide 

Westlnghouse.  2  Willard 

Delco 1  Willard 

Westlnghouse.  2  Willnrd 

.Apelco 2  G.  Lond 

Dvneto 1  (Jould 

Dyneto 2  (Jould 

Remy 2  Willard 

Delco 1  Exide 

Rohhins  &  ÄL  /  2  U.  S.  L. 

Wagnergen        2  Exide 
Detroit  štart. 

Wagner 2  Willard 

Rushmore   ...    2  Gould 

Westlnghouse.   2  Goultl 

Allis-Chalm...   2  Willard 

Entss 1  Willard 

Westlnghouse.   1  Gould 

Allls-C'hal.  ...    1  r.  S.  L. 

Westlnghouse.  2  Willard 

Wagner 2  (iouhl 

Westlnghouse.  2  Gouhl 

Wagner 2  Willard 

Renív 1  Willard 

Remy 2  Willard 

Gray  &  Davis.    2  Willard 

D«»lco 1  Willanl 

Whlte 1  Exide 

Auto-Lite 2  Willard 

Bljur 2  Willard 


^í     v  x  Or     b  fcC 

2=  aS-s  í;a  ri  «c^ 

^0  0<ÍS    >iJ    >ií^  tsu 


3 
3 
6 
6 
6 


3 
3 
3 
3 
3 
3 
3 
3 
3 
O 


60 
120 
60 
35 
80 


6  100 

3  60 

6  120 

3  120 


3  60-66 

3       80 

3 

3 

3 

3 

3 


95 

80 


80 
80 
3  80,120 

2  80 
120 

90 

80 

60 

80 
13.'> 
100 
100 
120 

60 

O    3."):  r»o 

%3  •    •    • 

3  100 
3 
3 
3 


SO 

so 


66 
6 
12 

7 
•  • 
12 
6 
7 
7 


6 
6 
6 

6 
7 

7 
6-7 

6 
28 

7 

7 

6 

6 
6-7 
6-7 

O 

6 

6 

6 
12 

6 

7 

6 

6 

6 


3       80  6 

3  IJO  7 

3  120  6 

3  100  6 

9        r»0  18 

3        SO  6 

3        SO  6 

6        SO  12 

3        SO  6 

3  loo  6 

3  100  7 

3  120  7 

3        SO  6 

3        80  6 

3  100  7 

9  3.V60  21 

3  120  6 

3  120  6 


6 
12 

6 
12 
12 

6 
12 

7 


6 
6 
6 

12 
7 
7 
6 
6 

24 
7 
6 
6 
6 
6 
6 
6 
6 
6 

12 

12 
O 
6 
6 
6 
O 

6 
7 

O 
O 

18 
6 
6 

12 

r> 

6 
6 

i 

6 
6 
6 
21 
6 
6 


ir, 

55 
25 
12 
15 
18 
15 
15 
15 


18 
15 
15 

20 
12 
12 
18 
16 
24 
24 
15 
16 
15 
15 
21 
15 
15 
10 
2 
21 

«   • 

17 
10 
15 
15 

16 
40 
21 

i. Ť 
15 
14 
IS 
15 
15 
15 
21 
15 
15 
15 
21 
16 
15 


S. 
S. 
S. 

s. 
s. 
s. 

D. 
D. 

8. 


S. 

S. 
D. 

D. 

S. 
S. 

s. 
s. 

D. 
D. 

S. 
S. 

s. 
s. 

8. 
S. 

S. 

s. 

D. 

S. 

i). 

I). 

D. 

S. 

S. 

s. 
s. 
s. 

D. 

S. 

s. 
s. 
s. 

s. 
s. 

D. 

S. 

s. 

s. 

D. 

S. 

s. 


42 


AUTOMOBILE  ELECTRICAL  SYSTEMS 


Complete  Electrical  Equipment 


STAUTING  é.  LIGIITINO         BATTERY      UEADLIGHT8 


MAKE  and                6  « 

MODEL                   -2  5 

OF  CAR                 g  ^ 

Abbott  6-44 Remj  2 

Alien  Classlc West  2 

Alter  C Reniy  1 

American  SU G  &  D  2 

Anderson West  2 

Ap'rson  6-17.8-17.BlJur  2 

Arbenz Disco  2 

Auburn  6-30 Remy  2 

Auburn  6-44 Delco  1 

Austin  12 Delco  2 

Bour-Davis  17 ...  G  &  D  2 

BHscoe  24 Spllt  2 

Bulckl)4 Delco  1 

Buick  D-6 Delco  1 

Cadillac  55 Delco  1 

Čase  T  17 A  Lite  2 

Chalmers  6-30. . .  West  2 

Chandler  17 (;  &  D  2 

Chevrolet  490. .  .ALIte  2 

Chevrolet  F-2 A-Lite  2 

Cole  860 DHco  2 

Columbifl  D w.  Leonard  2 

Cr.  SImplex  r»  ly.  nosch  2 

Crawford  6-40.  . .  Wi.^t  2 

Ofiw  Elkh't  C  35.i>vnoto  2 

(^inninirham  .. .  .\vVst  2 

DanlclR  A Wi»st  2 

Detrolter  6-45. . .  A-Llte  2 

DIxleFlyer Dyneto  2 

DíMlíte  .........  xo.  East  1 

Dorrls  l-B-6 West  2 

Dort  íl Wľst  2 

nre?«'l Bljur  2 

EacleA Allls  C  1 

Elpln  17 Wapiior  2 

Ehar   D  E-F. . . .  Dvuoto  2 

Empíre  50 A-Llte  2 

Enger West  2 

Ford  T 

Franklln  9 Drneto  1 

F.  R.  P.  45 Bôsch  2 

Glide  A  40 West  2 

Grant  K Wapner  2 

lial  21  A West  2 

Harroun  AAl.. 2 

Ilaynes  6 LeeccN  2 

ÍJ«.vneH  12 Loece-N  2 

Hatneld  II dij^^o  1 

Holller  178 Spllt  1 

nolller  176 aiÚs-C  1 

Hud.  Super-Six. .  Delco  1 

HnpmoblIe~ West  2 

Inter-State  'íľ. . .  Remy  2 


0/ 
CC 

a 


a 


^         h 

^   i 


d   a 


5    -5 


6 


6 
6 

12 
6-7 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
6 
6 
6 
6 

12 
6 
6 
6 
6 
O 
6 

12 
6 
O 
6 
6 
6 
6 
6 
6 

irt 

12 

12 

6 

6 

6 

6 

6-8 

6 

12 

6-12 

6 

6 

6 

e 


Sing 

StDK 

Slng 

SiDg 

Slng 

Dbl 

Sing 

Sing 

Sing 

Slng. 

Sing 

Slng 

Sing 

Slng 

Slng 

Slng 

Slng 

Sing 

Sing 

Slng 

Slng 

Slng 

Slng 

Slng 

Slng 

Slng 

Slng 

Slng 

Dbl 

Slng 

Slng 

Slng 

Sing 

Slng 

Slng 

Slng 

Slng 

Slng 

Dbl 

Dbl 

Sing 

Slng 

Slng 

Sing 

Slng 

Dbl 

DbJ 

Slng 

Dbl 

Slng 

Sing 

Slng 

Slng 


Willard 

Gould 

Willard 

Willard 

WlUard 

Willard 

G  LB 

Willard 

Willard 

Willard 

Detrolt 

iMrolt 

E  x  Ide 

Exlde 

Exlde 

Willard 

Willard 

Willard 

Willard 

Willard 

Exlde 

Willard 

(fould 

Gould 

Willard 

Willard 

Willard 

Willard 

Willard 

WlUard 

Exlde 

Willard 

Willard 

Willard 

Gardlner 

Willard 

ľrefítoL 

Gould 


3 
3 
12 
3 
3 
3 
3 
3 


100  2 
80  2 
...  1 
100 
90 
80 
35 
00 
3  100 
3  48.8 
3  100 
3  80 
3  100 
3  100 
3  100 
90 
80 
86 
80 
80 
100 
100 
60 
80 
85 
100 
100 
85 
80 
40 
100 
80 
80 
72 
85 
90 
80 
80 


Wniard 

Willard 

Willard 

Wllard 

Gould 

Willard 

Willard 

Willard 

Willard 

Willard 

Willard 

Bilde 

WUItrd 

WlUard 


2 
1 
1 
2 
2 
1 
2 
2 
1 
2 
2 
1 
2 
2 
2 
1 
1 
1 
2 
2 
2 
2 
1 
2 
1 
1 
1 
2 
1 
2 
2 
2 
2 
2 
2 
1 
2 
1 
2 
2 
1 
2 
1 
3  120  2 
8  100  t 
e    80  1 


3 
3 
3 
3 
3 
3 
3 
6 
3 
3 
3 
3 
3 
3 
6 
3 
3 
3 
3 
3 
3 
3 
8 


..47% 
3     50 


3 
3 
3 
3 
S 


80 
80 
80 
85 
120 


Itulb  16 
Bulb  IH 
Bulb  18 
Bulb  15 
Bulb  18 
Bulb  18 
Bulb  15 
Bulb  15 
Bulb  16 
Bulb  24 
Bulb  18 
Bulb  15 
Bulb  16 
Bulb  16 
Bulb  18 
Bulb  18 
Bulb  15 
Bulb  18 
Bulb  16 
Bulb  16 
Bulb  16 
Bolb  16 
Bulb  40 
Bulb  íľi 
Bulb  12 
Bulb  15 
Bulb  21 
Bulb  18 
Bulb  l.'i 
Bulb  15 
Bulb  ir» 
Bulb  16 
Bulb  16 
Flmntt5 
Bulb  20 
Bulb  15 
Bulb  13 
FlniDtlS 
Bulb  .  . 
Bulb  21 
Bulb  40 
Bulb  16 
Bvlb  15 
Bitíb  10 

nutis 
le 

IS 
18 
18 


4 
4 


4 
4 

e 

4 
4 

4 

4 
4 


4 
4 
4 
4 


4 

e 

2 
4 
4 
4 


4 
4 


12 

4 


TABLES  OF  ELECTRICAL  EQUIPMENT,  1916  TO  1920  CARS      543 
of  1917  Cars 


SIDB 
UGHTS 


TAIL 
LIGHTS 


DASH 
LIGHTS 


ó  cj  ^  3  ' 

MAKE  and                 •          .     «         -•          .  a      -:  .  cí       -•          -  ee 

MODEL  spl;^%c:^S(i;£ss     %« 

OF  PAR                     ^            .Oe^            .  Od  .  Oed            SS 

"*   ^^** tQO>tQO>«Oŕ»>       PQ         faft 

Abbott   6-44 S.0 2  6  S. C.  6  6 

AIlí'D  OiasBlc S.C 2  O  S.C.  2  6  S.C.     5  &  15 

Alt*  r  C S.C 2  12  S.C.  2  12  S.C.  10  &  15 

Aniorican   Slx...S.C 2  S^í    S.(\  2  3»4  D.C.       20 

AndersoD S.C 4  «-7  S.C.  4       C-7 30 

Apperson    D.C 3  6-8  D.C.  2  6-8  D.C.       10 

6-1  T.  8-17 

Arbeuz    S.C.       4  6  S.C.  2  6  D.C.       25 

Auburn  6-39 S.C 4  6  S.C.  2  6  D.C.       10 

Auburn  6-44 D.C.     4       6  D.C.  4  6  S.C.  2  6  D.C 

Au.stln  12 4  6-8  S.C.  4  6-8  S.C.  4  6-8  S.C 

Bour-Davla  17,..S.C 4  6- 8  S.(\  2  6-8  D.C.       15 

Briscoe  24 S.C 4  6  S.C.  4  6  D.C.       10 

Bukk   D-4 S.C 2  6  S.(\  2  6  S.C 

Bulok    D-6 S.C 2  6  S.C.  ^2  6  S.C 

Coflillac   55 S.C.      6       8  S.C.  2  4  S.C.  2  4  S.C 

Caso  T  17 S.C 2  6  S.C.  2  6  S.C.        20 

Chalmers  6  30...S.C 2  6  S.C.  2  6S.C. '15&30 

Chandler  17 S.(^ 2   S.C.  2 S.C.        20 

Chevrolet  4D0. .  .D.C 2  6-7  S.C 10 

Chevrolet  F-2... D.C 2  6-7  S.C.  4  6  D.C.       10 

Cole  860 S.C 2  3  S.C.  2  3  D.C 

Coliimbia  D S.C 4  6  S.C.  ..  6  D.C 

Cr.  Sliuplex  5-19.S.C 2  6  D.C.  2     6-12 10  &  2:» 

Crawford  6-40... S.C 4  6  S.C.  2  6  D.C.    5&ir, 

Cmw  Elkhart...S.C.      4       6  S.C.  2  6  S.C.  2  6  S.C.          5 

C  35 

runnlngbam  ....S.C.      4       O  S.C.  2  6  S.C,  4  6  S.C.        15 

DaDiols  A S.C.      4        6   I».C.  2  6   S.C.  2  6  D.C.     5  &  ló 

Detrolter  6-45... D.C 2  O  D.C.  2  6  D.C.       l.'i 

DIxie  Flyer D.C .'...  :í3-3Uj    D.4\  3  3^    D.C.        10 

Dodpe S.C 2  16  S.C.  2  16  S.(^ 

Dorrls   l-B-6 S.C.      2        6  D.C.  2  6  S.C.  2  6-7  S.(\        15 

Dort  9 S.C 4  6  8   S.C.  2  6  8   D.C.        10 

Drexel S.C 2  6   S.C.  2  6   S.C.        10 

Eagle  A S.C 6  6  S.<'.  6  6  S.C.        20 

EUin  17 S.C 2  6  S.C.  2  6  S.C.        20 

Elcar  D-E-F S.C 2  >6  S.C.  2  6  D.C.       15 

Empíre  50 S.C 2  3'i   S.C.  2  3%   S.C.        20 

En^cer S.C 2  6  S.C.  2  G  S.C 

Ford  T D.C 

Franklln  9 D.C 4  7  D.C.  4  7  D.C.       10 

F,  R.  P.  45 S.C.      6     12   S.C.  6  12  S.C.  3          12 20 

Glide  6-40 S.C 2  6  S.C.  2  6  D.(\        15 

Orant  K D.C 4  7  S.C.  2  7  S.C.        20 

Hal  21  A S.C 4  6  S.C.  2  6  S.C.       15 

Harroun  AAl..  .S.C 2  7  S.<\  2  7  S.C 

IlajDes  6 D.C 2  6-8  D.C.  2  6-8  D.C.         5 

Haynes  12 Í>.C 2  6-8   D.4\  2  6-8  D.C.         5 

HatfieUI  H S.C 4  12  S.(\  2  12  S.C 

Holller  178 S.C 2  4  S.C.  2  4  D.C 

HolUer  176 S.C 2  4  S.C.  2  4  D.C 

Had.   Super-Six. .  S.C 2  3-4  S.C.  2  8-4  S.C 

Hopmoblle S.C 2  8  S.C.  2  8  S.C.       10 

InttrBUt*  T.  ...B.C 2  6  S.C.  3  O  S.C.     4  ft  10 
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AUTOMOBILE  ELECTRICAL  SYSTEMS 


Complete  Electrical  Equipment 


LIGHTINO  é.  STARTINQ       BATTERT      HEADLIQHT8 


MAKE  and                 qT  « 
MODEL                   J< 

OF  CAR                   JS  ° 

JacksoD  349 A-Llte  2 

Jeffery  671 Bijur  2 

Jordao BlJur  2 

Kent Bosch  2 

King  E  E W.  Leonard  2 

Kissel  Kar Dwn  štartér  2 

100  Pt.  6  Reiny  Gen. 

Kissel  Kar Own  štartér  2 

6-42  West.  Gen. 

Kline  38 West  2 

Lexlngton  6-0-17.  West  2 

Lexlngton  6-P.      West  2 

Liberty    10-A Delco  2 

Locomobile West  2 

Lozier  82 G  &  D  2 

McFarlan  Slx.-.West  2 

Madison  1917.. . .  Remy  2 

Malhohm  A Dlsco  1 

Majestic  M W.  Leonard  2 

Mar.  H'dľy  6-40. West  2 

Mar.  Hdry  6-60. West  2 

Marmon  34 Ttosoh  2 

Maxwell  IM Simnis  H  1 

Mercer  22-73 U  S  L  1 

Metz G  AD  2 

Mltchell  I)-40. . .  Split  2 

Mltchell   (M2..  .  West  2 
Mollne  KnlgbtG.A-LIte  štart  2 

Wagner  Gen. 

Mollne  Knlght V  Lite  štart  2 

Wagner  Gen. 

Monroe  M-3 A-Llte  2 

Monroe  M-4 A-LIte  2 

Moťin  6  43 Deko  2 

Moon  6  66 Delco  2 

Moore  30 DIsoo  2 

Miirray  70- T West  2 

Natlonnl  12 Bijur  2 

National  6 West  2 

Oakland  34 Delco  2 

Oakland  ."lO DcIco  2 

Ogren  6 -.".() West  1 

OUlsiiKihlIe  45.  .  .  Delco  2 
Dvoria  nd, 

nll  niodels A-Llte  2 

Packard  2  2.'»....  Bljiir  2 

Palge  6-3M íJ  &  D  2 

Partln-P'lm'r  20.  .\llls  r  1 

Partln  P'Im'r  32.  Dlsco  2 

Paterson  ^-ATt.  .  .  Delco  2 

Patbtlnder  3-B.  .  Delco  2 

Pe^rless  56-2 A- Lite  2 


tc 

a 


CC  grt  B 


O    r 


5   c 

d   a 


H 


5    "S 


6  8  Sing  Wlllard  3     Hi>  1  Bulb  IT*  .  . 

6  Slng  l^  S  L  3     SO  2  Bulb  18  4 

6  Slng  Wlllard  3     80  2  Bulb  ÍH  4 

12  Dbl  Wlllard  3  100  2  Bulb  21  4 

6  Sing  Wlllard  3     80  2  Bulb  15  4 

6  Sing  Wlllard  .  .     86  1  Bulb  18  .  . 

6  Sing  Wlllard  . .   108  2  Bulb  21  6 


6  Sing 

6  Sing 

6  Sing 

6-8  Sing 

6-8  Sing 

6  Sing 

6  Sing 

6-7  Sing 

12  Sing 

6  Sing 

6  Sing 

6  Sing 

12  Sing 

12  Sing 

12  Sing 

6  Sing 

6  Sing 

6  Sing 

6  Dbl 


Willard 

Wlllard 

Wlllard 

Willard 

Willard 

Willard 

Wlllard 

Wlllard 

Detrolt 

Willard 

Wlllard 

Willard 

Wlllard 

PrestoL 

r  S  L 

Wlllard 

Willard 

Wlllard 

Willard 


3  00 
3  80 
3  100 
8  80 
3  120 
3  80 
3  120 
3  100 
6  60 
. .  100 
3  80 
3  80 
6  50 
6  35 
6  100 
8  70 
3     90 

a  110 

3    ... 


2  Bulb  15 
2  Bulb  21 
2  Bulb  16 
2  Bulb  15 
1  Bulb  21 

1  Bulb     6 

2  Bulb  18 
2  Bulb  15 
2  PlmntlH 
2  Bulb  16 
2  Bulb  18 
2  Bulb  21 
'  Bulb  24 
r  Bulb  15 
2  Bulb  25 
2  Bulb  15 
1   Bulb  15 

1  Bulb  15 

2  Bulb  15 


6  Dbl     Willard      3  ...  2  Bulb  15 


6  Dbl  Wlllard 
6  Dbl  Willard 
6  Sing  Wlllard 
6  Sing  Wlllard 
6  Sing  Detrolt 

6-8  Sing  Willard 
6  Sing  Wlllard 
6  Sing  Willard 
6  Sing  Kxide 
6  Sing  Kxlfle 

6  8  Dbl     Wlllanl 
6  Sing  Ex  ide 

rsu  WII 
6  Sing  lard.QouldS 

6  8  Dbl     Wlllard      3 

6  8  Sing  Wlllard 
6  Sing  Detrolt 
6  Sing  Detrolt 
6  Sing  WilUinl 
6  Sing  Willard 
6  slDg  Wlllard 
s^stngle:  D«- 


3 
3 
3 
3 
6 
3 
3 
3 
3 
3 

• 

3 


80  1 

80  2 
103 
103 

64 
110 
100 

95 

80 

80 


1 
2 
1 
2 
2 
2 
1 
1 
2 
80  2 


80  1 
110  2 
108  2 
80  2 
80  2 
40  S 

19^1 


Bulb  . . 
Bulb  .  . 
Bulb  15 
Bulb  15 
Bulb  16 
Bulb  18 
Bulb  18 
Bulb  18 
Bulb  12 
Bolb  15 
B«lb  O 
B«lb  16 

B«n»  1$ 
U 

Ift 


s  us 


I 


4 
8 

4 
4 


4 
6 

o 

4 
4 
4 
S 

4 
4 


4 
4 


4 

4 
4 


«» 
6 


6 
4 


4 
4 
4 
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of  1917  Car8— Continued 


SIDE 
LIQUTS 

TAIL 
LIOHTS 

DASH 
LIGHTS 

MAKE  and 
MODEL                    ^ 
OF  CAR                 g 

• 

tí 

<-• 

O 
> 

« 

00 

tí 

(k 

m 

O 

tí 

• 

o         eo 

lí 

Jackson  349 D.C. 

Joffery   671 S.C. 

Jordán    S.C. 

KCDt S.\^. 

Kinff  E.  E S.C. 

9     m 

•  • 

•  • 

•  • 

•       •       • 
•       •       ■ 

•  •       • 

•  «       • 

■       •       • 

•  •    ■    • 

•  •         B         • 

É       •       •      • 

•  •       •       • 

•  •      •       • 

2 

.'{ 
3 
4 
2 

6-8  S.C. 

8   S.C. 

7«í,    S.C. 

12   S.(\ 

6  S.C. 

2 
3 
3 
4 
2 

6-8  D.C. 

8  S.C. 

7  U    S.C. 

12  S.C. 

6  S.C. 

20 
"2Ô" 

"ió" 

Kissel  Kar D.C. 

100  Pt.  6. 

•     • 

•       •      • 

•       •      •      « 

3 

6  S.C. 

2 

6  D.C. 

20 

Ki.Hsel  Kar D.C. 

6-42 

•     • 

•       •      • 

•      •       «       • 

3 

6  D.C. 

2 

6  D.C. 

20 

Kline  38 S.C. 

Lexlngton  6-0-17. S.C. 
Lexinj?ton  «-P..  .D.C. 
Liberty    10-A....S.(\ 

Locomobile S.C. 

Lozler   82 D.C. 

McFarlan  Six.  .  .S.(\ 
Madison    1917...  D.C. 

Malbohm  A S.C. 

Majestic  M S.C. 

•  • 

•  ■ 
•     • 

4 
6 

4 

18 

•  •       • 

•  •       • 
•       ■       • 

0-S 

0-S 

6 

'Í2 

•    •    • 

•  •       •      • 

•  •      •      • 
•       •       •       • 

S.C. 

s.<\ 

S.C. 

•  •    •    • 

•  •    •    • 

S.C. 

•  *    •    • 

6 

6  S.C. 
6  S.C. 

6  s.(^ 

6-8  S.l\ 
6  8  S.C. 

6  S.C. 

6  S.C. 
6-7  D.C. 
12  S.(\ 

6  S.C. 

4 
4 

4 
2 
2 

4 
4 
6 
6 

4 

6  .. . . 

6  D.C. 

6  D.C. 
6-8  S.(\ 
6-8  CMira 

6  S.(\ 

6  D.C. 

6-7  D.C. 

12  S.C. 

6   .... 

5&15 
5&15 
4&15 

*  ió" 
"ió  * 

4 

30 

Mar.  nandley...S.C. 
6-40 

•    •    • 

•    «    •    « 

2 

7  S.C. 

2 

7  S.C. 

30 

Mar.  Handier. .  .S.C. 

2 

7  S.C. 

2 

7  S.C. 

30 

6-60 

Marmoa  34 S.C. 

Maiwell  25 S.C. 

Mercer  22-73.. .  .S.C. 

MeU S.C. 

Mitcbell  D-40...D.C. 
Mitehell   C-42...D.C. 
Moline  Kniebt  G.S.(\ 

4 

12 

S.(\ 

«    •    *    • 

•  »     •     ■ 
ft    •    •    • 

•  •    ■    • 

>         B         •          • 

4 

2 

4 

•> 

•» 

*. 

•» 
•» 
»» 

l1 

1  ; 
•> 

•» 

Ti 
•> 

ľ\ 

3 

2 
•1 

•> 
2 

12  S.C. 

6   S.C. 
12-16   S.C. 

6  S.C. 
6  8   D.C. 
6-S   D.(\ 

6   S.C. 

6  S.C. 

6  D.C. 

6  D.C. 

6  S.C. 

6  S.C. 

6  S.C. 
6-8  S.C. 

7  S.C. 
7   S.C. 
7  S.C. 
7  S.C. 
6  D.C. 
6  S.C. 

2 
2 
4 
2 
2 
2 
4 
4 

•    « 

16 
2 
2 

■    • 

2 
2 
2 
2 
2 
2 
2 

12  S.C. 

6  S.(\ 

12-16  S.C. 

6  S.(\ 

6-8  D.C. 

6-8  D.C. 

0  S.C. 

6  S.C. 

6  D.C. 
6  D.C. 

6  D.C. 

"6-8  S.C. 

7  D.C. 
7  D.C. 

12  D.(\ 

7  S.(\ 

.....    1 1.'  . 

6  S.C. 

20 
20 
6&30 
20 
20 
20 
20 

Moline  Knif;bt...S.C. 

Monroe  M-3. 

Monroe  M-4 

Moon  6-43 S.C. 

Moon  6-66 S.C. 

•  •     •     • 

•  •    •    • 

•  •     •     • 

•  •     •     > 

20 

Moore    30.      .    .  .S.C. 

Murrav  70-T S.C. 

5&15 

National  12 S.C. 

National  6 S.C. 

Oakland  34 S.(ľ. 

Oakiand  50 S.C. 

Ogren    Ô-r^O D.C. 

Oldsmobile  45... S.C. 

•  ■     •     • 

•  •    •    • 

Overia  n  d. 

a  11  models  .  ...D.C 

4 

6 

D.C. 

2 

3  S.C. 

2 

3  S.C. 

10 

Packard  2-25.... D.C. 
Paiee  6-38 S.C. 

4 

6-8 

D.C. 

2 
2 
4 
4 

4 
4 
2 

6-8  D.C. 
6-8  S.C. 
6  S.C. 
0-8  S.C. 
3%    S.C. 

6  S.C. 

7  S.C. 

4 

2 

2 

4 

4 
2 

Ô-8  D.C. 
6-8  D.C. 

"*M  b.'c. 

3—  C'bra 

6  S.C. 

7  S.C. 

10 
20 

Partln-Palmer  20.S.C. 
Partln-Palraer  32.>;.C. 
Paterson  6-45... S.C. 
Pathflnder  3-B...S.C. 
Peerless  56-2 ....  S  .C. 

•  •    •  A 

•  >    •    • 

•  •    •   • 

•  •    •   « 

•  •    •    • 

i 

"2Ó" 
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AUTOMOIilLE  ELECTRICAL  SYSTíÄÍS 


Complete  Electrical  Equipment 


STARTING  &  LIGHTING       BATTERY       HEADL.IGHTS 


MAKE  and 
MODEL  ^ 

OF  CAR  JS 

ej  a 

Pennsy  R Dynoto  2 

Pierce  Arrow  38.  West  2 

Piercť  Arrow  48.  West  2 

Pioroe- Arrow  66.  West  2 

PilIIod   F A-Lite  2 

Pilot  6-45 Dolco  2 

Preiuler  6-B Delco  1 

Princíss  F DIsco  2 

PuUiuau  424 Apelco  2 

ReKal   J rielnze-S  2 

Reo  R  &  S Reiiiy  2 

Reo  M  &  N Remy  'I 

Roanier  RA RJJur  2 

Ross  8ť W.  Leonaťd  2 

Suxoii  S  4 Wafrner  2 

Saxou  R  5  R. . . .  Wapner  2 

Sťriiips  Hooth  D.  Wnpner  2 

SinKor  17 West  1 

Staudard  F Vpelco  2 

Stainlard  E West  2 

Ktate.s  R DyDcto  2 

Stearns  SK  8 West  2 

Stearns  SKL  4.  .West  2 

Stephens  Six A  Lite  2 

Studehaker  SF.. .  Wapner  3 

Sun  17 Remy  2 

Velle  27 Remy  2 

Velie  2X Remy  2 

Westeott  17 Deko  2 

Wlllys-KniKht    ..A-LIte  2 

Whlte   ir,-V-4 L««e<eN  2 

Wlntnn  22 RIjur  2 

Wínton  22-A Ríjnr  2 

Yale  s Diseo  2 


tc 

ce 


a 


•s    g 

9  á 


o   r 


o 

:2; 


o. 

a 


ŕ 


6  Sinf; 

6  SlDg 

6  SlDg 

6  Sing 

6    SiDff 

6  SlDK 
6-7   Siní? 
6  SioK 
6  SlnK 
6  Sing 
6  Dbl 
6  Dbl 
6  Sing 
6  Sing 
6  Sing 
6  Sing 
6  Sing 
6  Sing 
6  Sing 
6  Sing 
6  Sing 
12  Sing 
12  Sing 
6  Sing 
6-8  Sing 
6  Sing 
6  Sing 
6  Sing 
6  Sing 
6  Sing 
12  rmi 
6  Sing 
6  Sing 
6   Sing 


Willard 

Kxlde 

Exide 

Exlde 

USL 

Exide 

Willard 

Detroit 

Prestol. 

V  S  L 

Willard 

Willard 

Willard 

I    S  L 

Exide 

Exide 

Willard 

Willard 

Willard 

Ooiíld 

l^  S  L 

Willard 

Willard 

Willard 

Willard 

Willard 

Willard 

Willard 

Willard 

r  S  L  or 

Willard 

Willard 

Willard 

Willard 


3     85  1  Bulb  Iľi 
3  125  1   Bulb  21 
3  125  1  Bulb  21 
3  125  1  Bulb  21 
. .    100  2  Bulb  15 
3     80  1  Bulb  15 
3  108  2  Bulb  21 
6     80  1  Bulb  12 
3     80  2  Bulb  15 
3     80  1  Bulb  21 
3  108  1  Bulb  15 
3  108  1   Bulb  15 
3     80  2  Bulb  15 
3     80  2   Bulb  ir> 
3     80  1   Bulb  15 
3     80  1  Bulb  15 
3     86  2  Bulb  IG      4 
3  120  2  Flnrt32     A 
3     80  2  Bulb  18     4 
3     80  2  Bulb  18     4 
80  2  Bulb  21      3 
6  100  2  Bulb  24      4 
6     80  2  Bulb  IS      4 
3     80  1   Bulb  15   .. 
3  100  1   Bulb  12    .  . 
3   ...    1  Bulb  18   . . 
3     90  2  Bulb  15     4 
3     85  2  Bulb  15     4 
3  120  2  Bulb  15      4 
3     80  1   Bulb  15   .  . 
6     70  2  Bulb  2t     4 
3  120  2  Balb  21   12 
3  100  2  Bulb  21   12 
3  130  1  Bnlb  15   .  . 


Complete  Electrical  Equipknent 


STARTING  A.Nl)  LIGHTING 


MAKE  and 
MOiiEL 
OF  CAR 


Abhott  6-44    Remy 

AMwitt  6-60   Remy 

Alien    41 Auto-L 

Anierioan   Six (i  &  D 

.\Dder<oii  20 West 

Api>*THon  6-18 Bijur 

Apperson  81 S BlJur 

Auburn  6-39 Remy 

Auburn  6-44 Delco 


6 
6 
6 
6 
6 
6 
6 


"a 


u 

a 

"C 


IGNITION 


IIKAD 
UGHT 


ta 


a 


6     2     Sing. 
6     2     Sing. 


2 
2 
1 
2 
2 
2 
1 


Sing. 

Sing 

Sing. 

Dbl. 

Dbl. 

Sing 

Sing. 


Remy 

Remy 

Conn 

GitO 

Conn 

Remy 

Remj 

Renj 

IMco 


TABLES  OF  ELECTRICAL  EQUIPMENT,  1916  TO  1920  CARS      647 

of  1917  Carft— Concluded 


SIDE 
LIGHTS 


MAKE  and 
MODEL 
OF  CAR 


í 

n 


s 


p; 


TAIL 
LIGHTS 


I  i 


P« 


DASH 
LIGHTS 


& 
^ 


a 


ŕ 


Í6 


38. 
48. 
66. 


Pennsy  R. . . 
Plerce- Arrow 
Plerre- Arrow 
PÍerce- Arrow 

Pllllod  F 

Pilot  6-45 

Prpmler   6-B. 
Princess  P. . . 
Pullman  424. 

Reical  J 

Reo  R  &  S. . . 
Reo  M  &  N... 
Roanier  RA. . 

Ro8s  8  C 

SaxoD  S  4 . . . 
SazoD  B  5  R. 
Scrlpps  Rooth 

Slnger  17 

Standard  F. . . . 
Standard  E. . . . 

States   B 

Stearns  SK  8.. . 
Stearns  SKL  4. 
Stephens  Slx . . 
Studebaker  SF. 

Sun  17 

Velle  27 

Velie  28 

Wescott  17 

WilIysKniKht  . 
Whlte    16-V-4.. 

Win  ton  22 

Wlnton  22.A . . . 
Yale  8 


8.C. 
8.C. 
S.C. 
8.C. 
S.C. 
S.C. 

•  •  o. v.. 
.  • .  S.C 
.  •  tä.v  • 

. .  D.C. 
...  D.C. 
..  SC. 
. .  I>.C. 
.  ,  S.C . 

•  •  S.C. 
D.  S.C, 
.  .  S.C. 
. .  S.C, 
. .  S.C. 


8  C. 
S.C. 
D.C. 
S.C. 
S.C. 
S.C, 
S.C. 
S.C. 
D.C. 
D.C. 
S  C. 
S.C. 
SC. 


4 
4 

4 


6  S.C. 
6  S.C. 
6  S.C. 


6 


6 


S.C. 


2 

2 

2 

2 

6 

2 

2 

2 

2 

4 

3 

3 

2 

4 

2 

2 

2 

2 

2 

2 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

4 

4 

2 


3 
6 

6 
6 
6 
6 

6-7 
6 

6-7 
7 

3-4 

8-4 
6 
6 
6 
6 
6 
6 

3% 

3H 

6 

12 

12 

3 

6-8 
6 
3 
3 

3H 

3 

12 

6-7 

6-7 

3 


D.C. 

S.C. 

S.C. 

S.C. 

S.C. 

S.C. 

S.C. 

S.C. 

S.C. 

S.C. 

D.C. 

D.C. 

S.C. 

D.C. 

S.C. 

S.C. 

S.C. 

S.C. 

S.C. 

S.C. 

S.C. 

S.C. 

S.C. 

S.C. 

S.C. 

S.C. 

s,c. 

S.C. 
S.C. 
S.C. 
D.C. 
S.C. 
S.C. 
S.C. 


2 
2 
2 
2 
6 
2 
2 
2 
2 
2 


8 
6 
6 
6 
6 
6 

6-7 
6 

6-7 
7 

3      BrA 

3  8-4 

2  6 

2  6 

2  6 


3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


S.C.  5.10&30 
S.C.  5.1(Mb30 
S.C.  6.1(Mb30 


2 
2 

2  3 

3  3 


6 
6 


6 

12 

12 

3 

6-8 

6 

3 

3 

»t 

12 

6-8 

6-8 

3 


D.C. 

D.C.   . 

C'bra 

S.C. 

S.C. 

S.C. 

D.C. 

fc- 

D.C. 
D.C. 

•  •   •   • 

S.C. 
D.C. 
S.C. 
S.C. 
S.C. 
S.C. 
S.C. 
D.C. 
S.C. 
S.C. 
S.C. 
D.C. 
D.C. 
S.C. 
D.C. 
S.C. 
S.C. 
S.C. 


15 


16 

6 

5 
10 
20 
15 
15 

■   ••«•• 

5&15 
5&15 
5&15 

•  «•«•• 

20 
20 

•  «••«* 

10 
20 

5 

5 
25 
10 

20 
20 


of  1918  Cars 


MAKE  and  MODEL 
OF  CAR 


HEAD- 

LIGHTS 

Volu        CP. 


SIDE-  TAIL-  DASH. 

LIGHTS  iJGHTS  LIGHTS 

Volu    CP.      Volu      CP.        Volu      CP. 


Abbott  6-44 

Abbott  6-60 

Alien  41 6-8 

American  Slz 

Anderson  20 

Apperson  6-18 

Apperson  8-18 6-8 

Auburn  6-39 

Aubum  6-44 


18 


18 


16-8 


•  •                    •    •    • 

6-8 

•  •                 •    ■   • 

i 

•  •    • 

•  ■    • 

6-8 

«    •    • 

i 

•   «                 •    •  • 

i 

«    •    • 

i 

•  •        •  * « 

•  •  • 
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AUTOMOBILE  ELECTRICAL  SYSTEMS 


Coxnplete  Electrical  Equipment 

STARTING  AND                IGNITION  HEAO 

LIGHTIXG  ^  LIOHT 

MAKE  and  |  ^        S            -  lí  M 

MODEL                         S  22S            s  ^H*:?S 

01'   CAR                       rt  c  n       r;           5  o  a  c^        « 

S  >  U         ^             ^ SCU  ttS«  cs 

Austln  12 Dolco  6  2  Sídr    Dolco  Batt  %  Slnif 

Blddle G&D  6  2  Slnj;.   Kisemann  Mag.  %  Slng. 

Bour  Davis  18-A Iíijur  6  2  Sing.  Elsemann  Mag.  %  •  •  •_. 

Bour  Davis  18-B Reniy  6  2  Slug.  Remj'  Batt.  %  

Brewster U.  S.  L.  6 Mag.  %  .... 

BriscMH' Auto-L  6  2  Sing.  Conn  Batt.  %  SInft. 

Bulck  E-4 Delco  6  1  Slnf?.  Delco  Batt.  %  Slnip. 

Bulck  K-0 Delco  6  1  SiniJ.  Deico  Batt.  %  Slng. 

Bush  18 Dyneto  6  2  Slng.  Delco  Batt.  %  

Caílillac  57    Delco  6  1  Sing.  Deloo  Batt.  %  Sln^. 

Campbell  Four Auto-L  6  2  Slng.  A  Kent  Batt.  %  

Cnse  V West  6  2  Slng    West  Batt.  %  Slng. 

Chalniera  (K50 West  6  2  Sing    Remy  Batt.  %  Slng. 

rhandler  17 West  6  2  Slng    Boseh  Mag.  %  Slng. 

Chevrolet  4yo Auto-L  6  2  Slng.  Conn  Batt.  %  I>bl 

Chevrolet  F Auto-L  6  2  Slng.  Remy  Batt.  %  Dbl. 

Chevrolet  D Auto-L  6  2  Slng    Remy  Batt.  %  I>bl. 

Cole  SUO Deho  6  2  Slng.  Delco  Batt  J4  Slng. 

Columbla  Slx R&M  8  2  Slng.  A  Kont  Batt.  If  Slng. 

Crawford  18  (1-40..    West  6  1  Slng.  WeKt  Batt.  %  

CrowKlkhait Dyneto  6  2  Slng    Conn  Batt.  %  Dbl. 

Cunningham  V West  6  2  Slng.  IVho  Batt.  %  

Comnumwenlth    Dyneto  6  2  Slng.  A  Kent  Batt.  %  

Daniels  B West  6  2  Slng.  West  Batt.  %  ... 

Davis   H Deho  6  2  Slng.  Delco      .  Batt.  %  Sing. 

Davis  J Deho  6  2  Slng.  Delco  Batt.  %  Slng. 

Dlspntrh C.  S  L.  12  1  DM.    Delco  Batt.  *%  

Dixh    Klyer Dyneto  6  2  Dbl.    Conn  Batt.  %  IMiK 

I>odge N.  K.  12  1  Slng.  Delco  Batt.  %  Slng. 

Donis  !-C  í> West  6  2  Slng.  Bosch  Mag.  %  Sing 

Dort  9 West  fi  2  Slng.  Conn  Batt.  %  Slng. 

Eagle Wagner  O  2  Slng.  A.  Kent  Batt,  %  

Economv  4-,'íO Dyneto  O  2  Slng.  <\»nn  Batt  %  .... 

Erouoniy  S  4.S Dyneto   .     «  2  Slng.  Conn  Batt.  % 

Ehar    D  4 Dyinto  fi  2  Slng.  A.  Kent  Batt.  %  S\n^, 

Ehar    IMJ l)ynet«»  «  2  Slng.  A.  Kent  Batt.  %  Slng. 

Elcin Wagner  «  2  Slng    Remy  Batt,  %  I>W. 

Kiii|>in>  .">(>   Auto  L  6  2  Sing.  Conn  Batt.  %  Dtil. 

Knipire  70 Auto  L  B  2  Slng.  (\)nn  Batt  %  DbL 

Kri«'  .'i.^ Dyneto  G  2  Dbl.    Klsemann  lUg.  %  

Fiat    50 1 e  X  12  2  Slng    Berling  Mag.  %  

Ford  T Own  Ughtlng  only  Slng.  Own  Mag.  H  Dbl. 

F    H.   P    B<.srh  12  2  Slng.  Bosch  Mag.  Met.  

Franklin    O    Dyneto  12  1  Dbl.     A.  Kent  Batt.  %  DbL 

Ghí'ut  i\  *\u \nto-L  6  2  Slng.  Conn  Batt. 

Glld.'  r,.4n   West  6  2  Sing.  West  Batt. 

<irant  <5    Wagner  6  2  Sing.  Rpuiy  Batt.  %  Sine 

Hal  12 West  6  2  Slng.  Remy  Batt 

Ilarronn  A.\l Remy  6  2  Slng.  A.  Kent  Batt.  %  8ÍBC 

Ilarvard   4-25 Wagner  «  2  Slng.  A.  Kent  Bitt  %  .... 

IlatľK'ld  A Dyni'to  6  2  Sing.  (^tnn  BMlL  C  .. 

Haynes  r, Lfore-N  6  2  Dbl.    Remv              

Ha> n«s  1 12 L«mm e-N  6  2  Dbl.    Remy 

Hollhr  Iím; Split  6  1  Sing.  Remy  __»  ^  ^... 

Hollier  188 Spllt  H  1  Sing.  A.  Kent  W^Ĺ  M  llH 

Homér  Laughlin   IssDImo  12  1  Slng.  A.  Kent  ^^ 


TABLES  OF  ELErTRKWL  EQriPMEXT,  1910  TO  1020  CAIíS      5-19 

of  1918  Cars— Continued 


HEAD- 
MAKE  and  MODEL       LIGHTS 
OF  CAR  Volu       CP. 


SIDE-  TAII^ 

LIGHTS  LIGHTS 

Voit5     CP.      VoiU      CP. 


DASH- 
LIGHTS 
Volu      CP. 


(i-S 

ň- Š 
«  s 
n- s 


6  H 


Austln    12 0-8  24  C-8 

Blddle    i\  S  24  0-8 

Bour-Davis   18-A 

Bour-Davls  18-H 

Brewster 

Brlscoe os  21 

Bulck  E-4 O  S  15 

Bulck  E-6 os  15 

BuKh  18 

('ndlllac  57 OS  18 

i'ampbell  Four 

ľase  U os  is 

Chalmers  O  :u>    ....   O  s  15 

Chandipr  17 OS  10 

rhevrolet  490 OS  12 

Chevrolet  K 

rhevrolet  I) 

Cole  860 OS  21 

Colunibia  Rix 0-8  15 

Oawford  18-0-40 

CrowElkhart    0  8  20 

(^UDDlnghaui  V 

Commonwealth 

Dnnlels  B 

Dnvlg  H OS  18 

Davls  J 0-8  18 

Di»patch 

DIxie  Flycr 6-8  15 

Dodge 12-16        10 

Dorria    l-C-6 6-8  15 

Dort  9 6-8  16 

Eagle 

Economy  4-36 

Econotuy  8-48 

Eh-ar  I>  4 0-S  21 

Elcar  I)-6 Os  2I 

ElRln O  .s  21 

Empíre   50 Os  is  21 

Empíre   70 6-8       18-21 

Fiat  55 

Ford   T 6-8  15  (Ml 

F    U    I* 

Franklln  é..V...V.'.12-Í0        2Í        12   10 

Ghent  0-00 

Glldc  0-40 

Grnnt  G 0-8  15         ■«;  ^ 

Hal  12 

Ilarroun  AA  1 OS  15 

Ilan'ard  4-2~i 

llatfieM  A 

Ilaynes  O o -s  10 

Ha.vnes  12 Os  10 

HoIIier  1»6 

HoUIor  1S8 

Homer-Laughlin 


12 

4 


6-8 


s 

s 
.s 


o 
-i 

4 

4 
o 


4 
4 

4 


0-8 
0-S 


o-  H 
0-S 
6 -s 

3-4 

O  š 
»Í    S 

r,  s 
to-s 


0-8 
6  8 

•    «    • 

0-8 


i\   S 
O  s 

3-4 
12    10 

OS 

o  S 


o  s 

o    s 

ti;  s 

3   4 
3-4 

Oi! 

Ô   H 


O   s 


3    I 


O 
2 


2 

•> 

o 


2 
2 


4 
2 


2 
2 


A* 

2 
2 


«> 
2 
•> 


•» 


0-8 

•0-8 


O  S 
i\  s 
o  s 

3    4 

O  .š 
1;    s 

O  S 

•0-S 


0-8 
G- S 


6 


0-S 

(»  8 

34 

12   10 

f.- S 

O  s 


OS 
♦;  s 
ľ.  s 

3-4 
3-4 


12    10 


O   s 


*'l 


;  4 


3 


«> 
2 


2 

2 

2 
o 


4 
2 


•  ■ 


o 


•> 

*> 


•> 
•» 


•> 


0    s 
OS 

4> 

4) 

Ií-S 

2 
2 

•    •    • 

•     « 

*  •  • 

•  * 

•      *       É 

•     * 

•  •  • 

•  • 

•      •      « 

.      . 

•  *  • 

•  • 
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AUTOMOBILE  ELECTRICAL  SYSTEMS 


Complete  Electrical  Equipment 


8TARTIN6  AND 

lONITION 

HEAD 

LIGHTINO 

%4 

LIGHT 

tf 

044 

MAKE  and 

5  . 

«• 

^S 

MODEL 

o 

M 

2  5 

o 

•e 

M 

^i 

ís 

S 

OF  CAR 

m 

o   o 

m 

Is 

Í2 

S 

>  P 

^ 

S 

OQPU 

CQ 

Hudson  $uper-Slx...Delco  6  1 

Hupmobile  1  R Bljar  6  2 

Inter-State  T Remy  6  2 

Jacksoo  350 Aato-L  6  2 

Jones  356 Auto-L  6  2 

Jordán  60 Bijur  6  2 

Klng   EE BUur  6  2 

Kissel  100  pt Own  6  2 

KIssel    Dbl-6 Delco  6  2 

Kline  6-38 West  6  2 

LexiDgton  R West  6  1 

Liberty  10-B Delco  6  2 

Locomoblle  38 West  6  2 

Looomobile  48 West  6  2 

Madison Remy  6  2 

Malbohm  A Disco  6  1 

Maibobm  B Wagner  12  2 

MarlonHďly  6-40.  .West  6  2 

Marton-H'ďly  6-60. .  West  6  2 

Marmon  34 Bosch  12  2 

Maxwell  25 Simnis  12  1 

McFarlan  6 .^West  6  2 

Mercer  22-73 U.  S.  L.  12  1 

Met*  25 West  6  2 

Mitchell  D-40 Split  6  2 

Mltchell   C-42 West  6  2 

MolineKnlght    C.AutoL  6  2 

Moline-Knlght   G... Auto-L  6  2 

Monitor  C Heinze  6  2 

Monitor  R Heinxe  6  2 

Monroe  M-6 Aato-L  6  2 

Moon  6  36 Wagner  6  2 

Moon  6-45 Delco  6  2 

Moon  6-66 Delco  6  2 

Moore Disco  6  2 

Murray  70 West  6  2 

Nash  681 Delco  6  2 

Nash  684 Delco  6  2 

National    6 West  6  2 

National    12 Bljur  6  2 

Nelson U.  S.  L.  12  1 

Norwalk  18 Dyoeto  6  2 

Oakland  34-B Remy  7  2 

Oldsmobile  37 Delco  6  2 

Oldsmobile  45 Delco  6  2 

Olympttn AutoL  6  1 

Overland  00 Auto-L  6  2 

Overland  85-4 A  u  to- L  6  2 

Overland  85-6 AutoL  6  2 

OWen-Mag  M-25 Own  . .  . . 

Owen-Mag  0-36 ....  Own  . .  . . 

Packard  3-25 Bijur  6  2 

Packard  S-35 BIJur  6  2 

Palge  6-89 gJ^D  6  2 

P«lf«  6-55 nemy  6  2 

fftS-Amtrlcftii  O  9-5 .0  A  D  6  2 


Slng. 

Slng. 

Sing. 

Sing. 

Slng, 

Sing. 

Sing. 

Slng. 

Sing. 

Slng 

Sing. 

Sing 

Sing. 

Slng. 

Sing. 

Sing. 

Sing. 

Sing. 

Sing. 

Slng. 

Slng. 

Slng. 

Sing. 

Slng. 

Slng. 

Sing. 

Dbl 

Dbl. 

Sing. 

Sing. 

Slng. 

Slng 

Sing. 

Slng. 

Sing. 

Slng. 

Slng. 

Sing. 

Slng. 

Sing. 

Slng. 

Sing. 

Sing. 

Slng. 

Sing. 

Sing. 

Sing. 

Sing, 

Sing. 


Slng. 
Slng. 

Slng. 
8la«. 


Delco 

A.  Kent 

Remy 

Aato-L 

Remy 

Bosch 

A.  Kent 

Remy 

Deico 

West 

Conn 

Delco 

Berllng 

Berling 

Remy 

A.  Kent 

A.  Kent 

West 

West 

Bosch 

A.  Kent 

West 

Bosch 

A  Kent 

Conn 

Conn 

Conn 

Conn 

Heinze 

Heinze 

Conn 

Delco 

Delco 

Delco 

Dixie 

IMxIe 

Delco 

Delco 

Dixie 

Delco 

Bosch 

Delco 

Remy 

Delco 

Delco 

Conn 

Conn 

Conn 

Conn 

Bosch 

Bosch 

Delco 

Delco 

Remy 

Remy 

A.KÍBt 


Batt. 

Batt 

Batt. 

Batt. 

Batt. 

Mag. 

Batt. 

Batt. 

Batt. 

Batt. 

Batt. 

Batt. 

Mag. 

Mag. 

Batt. 

Batt. 

Batt 

Batt. 

Batt. 

Mag. 

Batt. 

Batt. 

Uag. 

Batt. 

Batt. 

Batt. 

Batt. 

Batt 

Mag. 

Mag. 

Batt 

Batt 

Batt 

Batt 

Mag. 

Mag. 

Batt. 

Batt. 

Batt 
Mag. 

Batt, 

Batt 

Batt. 

Batt. 

Batt 

Batt. 

Batt 

Batt 


Slng. 

Slng. 

Slng. 

Sing. 

Sing 

Slng. 

Sing. 

Sing. 

Sing 

Šlng. 
Sing. 
Sing. 
Sing. 

Šingl 


Dli]. 
Slnic. 


•   •  • 


Dbl. 
Dbl. 
Sinff. 
Slov. 


Sing. 

•   •    •   * 

Sing. 

»lng. 
_  Sln». 
et.  Slns^ 

Slnigl 
Slng. 

8tS. 


•••a 


TABLES  OF  ELECTRICAL  EQUIPMENT,  1916  TO  1920  CARS      551 

of  1918  Cars— Conthiued 


HEAD- 
MAKE  and  MODEL       UGHTS 
OF  CAR  VoHs        CP. 


SIDE-  TAIL- 

UGHTS  LIGHTS 

Volu    CP.      Volta     CP. 


DASH- 
LIGHTS 
Volu     CP. 


Hudson  Stiper-Slz. . .   6-8  15 

Hupmobile  ÍR 6-8  15 

Inter-State  T 6-8  16 

Jackson  350 6-8  15 

Jone8   356 (>  s  15 

Jordán  60 6-8  18 

Klnff  EE 6-8  18 

Kissel  100  nt 6-8  18-4 

Klsíiel  Dlil-6 6-8  18-12 

Kline  6-38 

Lexlngton  R 6-8  .30 

Liberty  lO-B 6-8  ir» 

Locomobile  38 6-8  21 

Locomobile  48 6-8  21 

Madison   12  16        18 

Malbohm  A 6-8  18 

Malbohm  B 

Ifarion-IIandley  6*40  ... 
Marlon-Handley  6-60  ... 

Marnion  34 6-8  32 

Maxwell  25 6-8 

McFarlan  6 6-8  21 

Mercer  22-73 

Metz  25 6  8  24 

Mltchell  n-40 6  8  15 

Mltrhell   C-42 6-8  15 

Moline-Knlght  C...  6-8  16 

Mollne-Knight  G....  6-8  16 

Monitor  C 

Monitor  R 

Monroe  M-6 

Moon  6-36 

Moon  6-45 

Moon  6-66 

Moore 6-8  15 

Murray  70 

Nash  681 6-8  18 

Nash  684 0-8  18 

National  6 

National   12 

Nelson 

Norwalk  18 

Oakland  34-B 6-8  16 

Oldsmobllť  37 0-8  15 

Oldsmobile  45 6-8  15 

Olj'mpian 

Overland  00 6-8  12 

Overland  85-4 

Overland  85-6 

Owen-MflR.  M-25 

Owen-Mag.  0-36 

Packard  3-25 6-8  24 

Packa rd  3-35 6-S  24 

Palge  6  39 6-8  18 

Palge  6-55 6-8  18 

Pan-American  Q  6-5.  . . . 


6-8 


6-8 
6-8 

t6-8 


6-8 

6-8 
6-8 
6-8 

12-16 
6-8 


6-8 


6-8 
6-8 


4       3-4 

6-8 

6-8 

t6-8 
4  •6-8 
4       6-8 

4  6-8 
6-8 
6-8 


8 
4 
6 
6 

2 
2 


4 
4 


6-8 

6-8 
6-8 
6-8 

es 

3-4 


6-8 
3-4 
6-8 

•  «    • 

6-8 
6-8 

•  •   • 

6-8 
6-8 


2 
2 

2 

2 

2 
2 

2 
2 
2 

I    • 

4 
2 

4 
4 

2 
2 


4 
2 

t    m 

2 
2 


6-8 


13-4 


3-4 
6-8 

6-8 

•6-8 

•6-8 
6-8 

6-8 
6-8 
6-8 

•    ■    ■ 

6-8 
6-8 
6-8 
6-8 

6-8 
3-4 


6-8 
3^ 
6-8 

•  •   ■ 

Ä-8 
6-8 

•  ■  • 

6-8 
6-8 


6-8 


t3-4 


2 
2 

2 

2 
2 
2 

2 

2 
2 

•  • 

•4 

2 

4 
4 

2 
2 


4 

2 

4 
2 

2 
2 


2 


»6-8 
16-8 

4 
4 

6-8 
6-8 

•    •   • 

2 
2 

•   • 

6-8 
6-8 

•    ■   • 

2 
2 

•   • 

6^8 

6-8 

'i 

4 

•  •    • 

•  ■   • 

6-8 
6-8 
6-8 

•   « 

2 
2 
2 

■  •   ■ 

■  •   • 

6-8 

6-8 

6-8 

2 

2 
2 

6-8 

4 

6-8 

o 

6-8 

2 

6-8 

4 

6-8 

•> 

6-8 

2 

6-8 

4 

6-8 

2 

6-8 

2 

6-8 

4 

6-8 

2 

6-8 

2 
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AUTOMOBILE  ELECTRICAL  SYSTEMS 


Complete  Electrical  Equipment 

STARTING  AND  IGNITION  HEAD 

LIGHTING  LIOHT 

MAKE  and  ^ 

MODEL  ^  o^ 

Oy  CAR  ^  ^  ^  ?!  S  - 

^  5  -  r        M  Si:  Si     * 

S  >  U  ^       a KU  x£>    « 

Paterson  G-45 Delco  6  2  SlnK.  Deloo  Batt.  %  Sin*. 

Pathfinder  li Deloo  G  2  Sídk.  Delco  Batt.  %  

Peerloss  .'>« Auto-L  6  2  Sing    A  Keot  Batt  %  . .  T. 

Penusy  4-B Dyneto  6  2  SiiiK.  CoDO  Batt.  %  .... 

Pennsy  «-S Hoiuze  6  2  Slnj;    HHdkp  Batt.  % 

Phlanna    M Warcl-L  6  2  Dbl.     Bosch  Mag  Met.  ..     . 

Piťrte  Arrow  38 Wí'st  6  2  Sín>{.  Boí»oh  Mag.  %  Sln«. 

PltTce  Arrow  48 West  6  1  Slng.  Bosch  Mat?  %  Sing. 

Plercí-Arrow  66 West  .6  2  SIur.  Bosrh  MaK  %  8iuc. 

Pildt    «-4r» Delco  6  2  Sirig.  Delco  Itatt  %  . 

Premiér  6-C Delco  6  2  SiuR.   Delco  Batt.  %  Sinir. 

KcKnl   4 Auto  L  6  2  Síur    A.  Kent  Batt.  vS 

Revere    Bljiir  6  2  Siuu.  Uo.sc  h  Mag..  %  I>b|. 

Reo  R Rcuiy  G  2  SIdí:,  Remy  Batt.  %  

Reo  M Remy  6  2  Síur.  Remy  Batt.  %  .... 

RosR    Wunl  L  G  2  Slnff.  A  Kent  Batt.  % 

Sn.\on   B-fi Warner  G  2  Sin»:    A.  Kent  Batt.  %  Kine 

Sa.xon  S-4 WnKmT  6  2  Slnií-  Hemy  Batt  ]4  S|n« 

Scrlpp.*;  Hooth  D Wn^ner  G  2  Slnp.  Remy  Batt.  %  Sin*:. 

Scripps  B(K)th  8 Wjiirner  G  2  SIdr.  Remy  Batt.  %  Sing 

Seneta  A Allis-C  G  2  SlnR.  Remy  Batt.  % 

Sha<l  Wyck   A Wrst  G  2  Slnp.   Remy  Batt.  %  í?lnp. 

Sliiťor  IS Wr^t  G  2  Sinp.   Kisemann       Ma«  % 

Staiiílnnl  í; Wot  G  2  Slnŕ.   Bosch  Maff  % 

States  <'1S D.vueto  G  2  SI  n  íf.  Dl  .vie  MaŔ.  %  Sine. 

Stearns  Knlcht  4.  .    W.st  12  2  Slns: Batt.  %  

Stiarn-Kniťht   S.  . .  Wi'Nt  12  2  Siní:.  Remy  Batt.  %  Sine. 

Sí<ph»n^  7o D«'I(n  G  2  Sine.  Remy  Batt.  %  Sine 

Stu.lel.jikrr  4  40 Wauner  G  2  Sine    I»elro  Batt.  TI  Sine. 

StudebakíT  G-r.o Wacner  G  2  Slnu    Remy  Batt.  H  Sine* 

Stiitz Romv  G  2  DUl.     Remv  Batt  %  ... 

V»lle  .*is Ríiny  G  1  Sine.  Bosch  Mae  %  I>hl 

Velle  :«♦ l{«Miiv  G  1  Slnp.  Remy  Batt,  %  Sine 

W«>t(ott  IS Delio  G  2  Sjnc    Remy  Batt.  %  Sine 

Whlte Leecr  N  12  2      Dbl.    Delco  Batt  tj  Sine. 

Willvs  Slx  *^!» \nto  L  G  2  Dhl      Mae*  %  Dbl. 

Wlllvs  KnlĽht    Antíi  L  G  2  Slnp.  Conn  Batt.  Vk  Dbl 

WlIIv>  Knlcht    \nt<»  L  G  2  Sln^^  Conn  Batt.  %  Dbl. 

Wlnton  .'t::    ľ.linr  G  2  Sine.  <'onn  Batt  %  Sine. 

Winton  4S nii>ir  G  2  Shm.  BoReh  Mae-  *  Sine. 

WíhmN  iMial  .'»» Sp.«  lal Bosch  Mae.  %  Wnf. 

Yal.'  M ľ.ilnr  G  2  Sin;r.   A.  Kent  Batt.  H 

.\!»l»n>viMtl<»n»<  :    •IímoMí-  contart  :  i>-lnul«'  contart :  t<llnimer     Startlne 

^^•^iIU':   N     K.   Nnrth  Ka.-^t  :  R  Ac  .M,   KnUbinn  &  Mn>er8:  Wanl-L.  Wanl- 

Mon  :    (Vnii,  ('<>nni<  th  nt  :   A.  Ktnt,  Atwnter-Kent ;  Batt,  Batterj :  Mae. 


TABLES  OF  ELECTRICäL  EQUIPMENT,  1916  TO  1920  CAttS      653 

of  1918  Cars— Concluded 


HEAD- 
MAKE  and  MODEL      LIGHTS 
OF  CAR  Volts       CP. 


SIDE. 

UGHTS 

Volte     CP. 


TAIL- 

UGHTS 

Volte      CP. 


DASH- 
LIGHTS 
Volte      CP. 


12 


0  8 


r>  s 


o-s 


PatersoD  C-4n O  S 

Patbflnder  U 

Peerless  56 

Pennsy  4-B 

Pennay  6-S 

Pblanna   M 

Plepce-Arrow  38 6-S 

Plerce-.\rrow  48.  . . .   6-S 

Plerce-Arrow  60 6-S 

Pilot   6-4r> 

Premiér  6-C O-  s 

Regál  4 

Revere G-H 

Reo  R ... 

Ross   

Saxon  B-5 6  s 

Soxon   S-4 6-S 

Scrlpps-Booth  D 

Scripps-Booth  8 

Seneca  A  

Shad  Wyok  A 

Singer  18 ». 

Stendard  G 6  8 

States  C-18 ... 

Stearns-KniBht  4...  12-10 
HtearnsKnIght  8.  .  .12-10 

Rtepheos  70 6-S 

Studebaker  4-40 G- S 

Htudebaker  6-50 

StuU OS 

Velle  38 O  s 

Velle  39 O  s 

Westcott  18 o  s 

Whlte 12   10 

Willys  Slx  89 O  ^ 

Wtllys-Knlght   os 

WUlys-Knlght O  s 

WlDton  33 O  s 

WlntOD  48 O  s 

Woo<ls  Duní  54  . .    . 
TaleM 


and  Llerhtlng;  Awto-L.  Aiito-Lltc:  G  &  D.  Gray  &  Dnvis;  Leo<p-N.  Leece- 
Leonard  ;  West.  Westinííhouse.  Wlrinť :  Sídr,  Siii>?h' :  1>1>I.  Double.  Ignl- 
Magneto.    Spark  Plug  :  Met,  oictriral. 


21 

6-8 

4   O-S 

4 

6-8 

4 

21 

6-8 

4   OS 

4 

0-8 

4 

21 

6-8 

4   G-S 

4 

0-8 

4 

•  « 

21 

6-8 

1  •       •  .  . 

4   0-8 

2 

*  •  • 

6-8 

•  • 

2 

•  • 

20 

•  • 

•  ••       ••       ••• 

6-8   10   6-S 

Š 

•  •  • 

0-8 

•  •  • 

•  • 

10 

•  • 

•  • 

i  Š 

1  •       •  •  • 

6  S 

• 

2  4 

€     •     m 

G-Š 

•  • 

•  • 

2-4 

18 

OS 

1  •       ■  •  • 

2  4 

0-8 

•  •  • 

•  •  * 

2-4 

•  • 

*  • 

•  • 

iš 

( 

>-S 

■  •       •  *  • 

la          •  *  • 

"i    0-Š 

2 

-  «  • 

•0-Š 

•  • 

•  • 

2 

is 

12  10 

4   12  io 

2 

12 

•  • 

2 

Is 

12  i<: 

4   12  10 

2 

12 

•1 

A. 

lá 

♦»;  -s 

4    0  S 

•> 

•íi-S 

2 

12 

•  • 

0  S 

•> 

ť,  S 

2 

\^ 

os   2  i   Ó  A 

•> 

G "  Š 

•  • 

2 

ir» 

•  •  • 

4   :í  4 

2 

:í  4 

2 

ir. 

4    ti   4 

•> 

:{-4 

2 

IS 

r,  s 

4   .-í  i 

•t 

3  4 

2 

21 

12-10 

4   12  10 

2 

12  10 

4 

10 

■  •  • 

-11-4 

♦» 

i:í-4 

2 

10 

•  •  • 

, .  t;i  -4 

2 

t:{-4 

2 

10 

3  4 

2 

3  4 

2 

lá 

•  •  • 

0  S 

2 

G  S 

2 

i.-í 

•  • 

6  S 

0  S 

2 

• 

• 

. 

• 

>  • 

564 


AUTOMOBILE  ELECTRICAL  SYSTEMS 


Electrical  Equipinent 

FoB  Lámp,  Spark  Plcg  axd 


MAKE  and 

MODEL 

OF  CAR 


SYS- 
TEM 


IGNITION 
Make 


GENERÁTOR 
Con-  Voitr 

trol         Make       age 


MOTOR 
Make 


k 


Alien  41 Singlť  Cunn. 

American  B...2älUKle  At  Kent. 
Antlerson,  AlL.Siugio  Cunu. 
Arperson  8-19.Singlc  Keniy 
Auburn  6-39..  .Single  lieniy 

Austin  12 »inglc  l>elco 

Biddle  H SlngU>  Eisemann 

Blrch Slngle  Conn. 

Brewster Slngle  Conn. 

Brlscoe  4-24. ,  .Slngle  Conn. 

Bulck Siugle  Deko 

Cadillac  57 Slugle  Deko 

Campbell  C-4..Single  At-Kent. 

Čase  Ľ-19 Single  West 

Chalmers  35C.. Slngle  BosihReni. 

Chandler Slngle  Bosoh 

Chevrolet,  AU.. Slngle  Reuiy 

Cole    870 Dual     Deko 

Columbla.  All..  Slngle  At  Kent. 

Comet  C-51 Slngle  Delco 

CrowElkhart 

K -36 Single  Conn. 

Cunningham 

V  3 Single  Delco 

Daniels  8-B.. . .  Slngle  West 

Davis Bosľh 

Dixie  Flyer.... Slngle  Conn. 

Dodge    SlngU    

Dorrls   Single 

Dort   15 Slngle  Conn. 

Elcar.  All Single  At  Kent. 

Elgln    H Siugle  Wagner 

Ehsex  A Slngle  Delco 

Ford  T* Slngle  Own 

Franklln  9 Slngle  At  Kent. 

Geronlmo    Delco 

Gllde    6-40 West 

Ilarroun    Slngle  .\tKent. 

Harvard  4-20 At-Kent. 

Hatfield  A Conn. 

Haynes,  All Slngle  Delco 

Hollier.  All Slngle  At-Kent. 

Uolmes    Slngle  Klsemann 

Hudson  Super    Dual     iK'lco 

Slx 

Hupmobile  R.. Single  At-Kent. 

Jflckson Slngle  Remy 

Joneii Single  Remy 

Jordán Slngle  Delco 

Klng  8 Slngle  At-Kent. 

Klssel Slngle  Remy 

Kline  642  S8..  .Slngle  Conn. 
Lexlngton  R- 19.  Slngle  Conc. 
Liberty  10B...Dual     Delco 
Locomoblle  38*2 Dual     Berllng 
Maibohm  B.... Single  At-Kent. 

Marmon  34 Slngle    Bosch 

Maxwell  25 Slngle    

McFarlan  127..  Double  Boacb 
MMtctx  Ser.  4. .  Slngle    Berling 


Hand 
Uand 
Hand 
Ilund 
Hand 

íl'anď 


Hand 
Hand 
Uand 

ílnnci 

Ilnnd 

Hand 

Hand 

H&A 

Uand 

H&A 


A  L 

West 

West 

Bljiir 

Remy 

Dtk-o 

G&D 

A  L 

A-L 

AL 

Delco 

Delco 

A-L 

West 

West 

West 

A  L 

Delco 

Ward-L 

Dyneto 


Hand  Dyneto 

Hand  West 

Hand  West 

West 

Hand  Dyneto 

H&A  NorthEast 

Hand  West 

Hand  W»*st 

Hand  Dyntto 

Hand  

H&A  Delco 

Hand  Own 

Auto  Dvneto 

D.vueto 

Wes»t 

Hand  Remy 

Wagner 

Dyneto 

Auto  l-eece-N 

Hand  Splltdorf 

Auto  Dyneto 

Hand  Delco 


6  A-L 
O  West 
6  W«'«t 
6  BUur 
6  Remy 
6  Delco 
6  G&D 
6  A-L 
6  A  L 
6  AL 
6  Delco 
6  Delco 

r>  West 
6  West 
6  West 
6  A-L 
6  Delco 
6  Ward-L 
6  Dyneto 

6  Dyneto 

6  West 
6  West 
6  West 
6  Dyneto 
12  NorthEast 
«  West 

6  West 

7  Dyneto 


« 
6 
6 
6  A 
6 
<l 
O 
<l 
6 
A 
« 
6 

"« 

6 
6 

6 
6 
6 
6 


6 
6 
6 

6 


12 
O 
G 
6 
6 


Delco 
Own 


Hand 

S-A 

Hand 

H&A 

H&A 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Snd 
nd 


West 


Dyneto 

West 

Remy 

Wagner 
O  Dyneto 
6  Leece-N 

6  Splltdorf 
12 

7  Delco 

7  West 


6 

6 

6 


A 
6 
6 
6 
6 
« 
12 


West 

BUur 

Bijur 

Remy 

West 

West 

Delco 

West 

Wagner 

BUur 

Slama-Baff 

West 


6 

6 
6 
6 
6 
6 
6 


West 

BUur 

BUor 

Remy 

West 

W«Bt 

Deko 


6 

6 
6 
6 


TABLES  OF  ELECTRICAL  EQUIPMENT,  1916  TO  1920  CABS      556 

of  1919  Cars 

HORN  EquiPHENT,  see  pages  558  and  559 


MAKE  and  MODEL 
OF  CAR 


Make 


Type 

BATTERY  or 

Wir-  Eleo- 

inar    trie 

Amp.     Volt-  Sys-  Sy»- 

Hr.       affe   tem   tem 


FUSES 


Type  Voltfl  Amp 


Alien  41 U.  8.  L       90  6 

American  B Columbia    80  6 

Anderson.  All Willard     6 

Apperson  8-10 Willard       00  6 

Auburn  639 Willard       80  6 

Aostin  12 Willard     6 

Blddle  H Willard       90  6 

Blrch Willard       80  6 

Brewster 

Brtscoe  4-24 U.  S.  L       80  6 

Bolck • U.  S.  If       80  G 

Cadillac  57 Exide         6 

Campbell  C-4 Willard     

Čase  U-19 Willard     117^  6 

Chalmers   35C Willard      93 

Cbandler Willard     100  6 

Chevrolet.  All Willard       80  6 

Cole  870 Prest-O-L   50  6 

ColumbU.  All Prest-OL  80  6 

Comet  C-51 Willard       75  6 

Crow-Elkbart   K-36 Willard     6 

Cunnlngbam  V-3 Willard     120 

Daniels  8-B Willard     100 

Davia    Willard     

Dizle  Flyer Willard       6-60 

Dodge Willard     12 

DorHa Willard     115  O 

Dort  15 Willard       85  6 

Elcar.  AlL Willard       90  6 

Elgln  H Willard       90 

Esaez  A 105  6 

Ford  T* Exide          30  6 

Franklln  9 Willard       50  12 

Oeronimo Willard       88  6 

OUde  6-40 Willard       80  6 

Harroan  Willard      80  6 

Harrard  4-20 Nat.C*rb 

Hatfleld  A Willard     100  6 

Haynes,  All Willard     120  6 

Holller,  All Gould          50  6 

Hoimea Colnmbla  100  12 

Hndson  Super  Slx Exide        100  6 

HnpmobUe  B Willard       87  H  6 

Jackaon Prest-O-L  120  6 

Jonea PrestO-L  120  6 

Jordán  Willard    109.8  6 

Klng  8 Willard     117.5  6 

Klsael Willard       90  6 

Kline  642-88 Prest-O-L   80  6 

Lezlngton  R-19 Willard     100  6 

Liberty  lOB Willard       88  6 

Locomoblle  38-2 Willard     120  6 

Maibohm  B Willard       80  6 

Marmon  84 Pest-O-L.  120  6 

Hazwell  25 Prest-O-L   85  12 

HcFarlan  127 Wii-    (  5  Amp.  )  6 

lardV27.8h.p.í 

Mercer,  Ser.  4 Willard      90  6 


1 
1 
1 
1 
1 
1 
1 
1 


2 
1 

x 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
2 
1 
2 


1 

1 
1 
1 

1 


GI 

S 

s 
s 

s 

8 


1  OI 

1  s 


1 
1 
1 
1 
1 
1 


GT 
3-A 
SA  E 
Open 

None 

GT 

GT 

■    •    ■    •   • 

GT 

•  •   •   •   • 

•  •   •    •   ■ 


GI    3AGT 


S 
GI 

S 
S 


1  .. 
1  .. 
1   S 


GM 

S 
S 


8 

S 

GM 

8 

GI 


8 

GI 
G I 
GM 
S 
X  GM 

1  8 

2  S 
1   .. 
1  8 
1 
1 
1 
1 


S 
8 
8 
1  GI 


8 

8 

8 

GM 

GI 


Cart 
GT 

•  •  •  •  • 

•  •  •  •  • 

«  •  ■  •  • 

•  •  •  •  • 

•  •  •  •  ■ 

GT 


Encl. 
GT 

■    •   •   ■   • 
•   •   •   •   • 


GT 

•  •    *    ■    • 

Cart 

•  •    •    «    ■ 

•  •   «    •   • 

•  ■    •    •   • 

C.  B. 

•  •    • 

2A 


•    •    •    • 


End. 
3A 

•  •  •   ■   • 

C.  B 

•  «    •    •    • 

3  A.  G 
5  A.  G 
G.  T. 

•  ■    >    •   ■ 

G.  T. 
A  1 
Cart 
Cart 
5  A.  G. 


5 

1.250 

6 

1.250 

08 

6    " 
6 

■  ft  •   •  • 

6 

•  •  •  •  • 

•  •  •  •   ■ 


50 

•  • 

6 
6 


•  •  •  •   • 
■  •  •  •  • 


•  •  m    •    • 


■  •  •    •    • 


5-8 


1  50 

5-8 
6 


122 

•  •  ■    • 

250 


15 

•    •VI 

6 

6-8 


6 
6 


6 
6 


13 
6 


15 
20 
5 
10 
25 

•  • 

10 
20 

•  ■ 

15 


15 

■   • 

20 
20 


15 


10 
15 
10 


15 

•   ■ 

15 


1  8     Cart 


15 

•  • 

10 
20 


20 


10 
80 
20 
20 


10 
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AUTOMOBILE  ELECTRICAL  SYSTEMS 


Electrical  Equipment 

FoB  Lahp,  Spakk  Plco  and 


MAKE  and 

MODEL 

OF  CAR 


SYS- 
TEM 


IGNITION 
.  Make 


GENERÁTOR 
Con-  Volu 

trol         Make 


MOTOR 
Voh. 
Make 


Mltchell  E-40. .  SIdrIc  Kemy 

MoliiH'  K'pt  L.Dual  Con 

Monitor SInťle  

Äloon.    :i)l Sinulo  Dí'Ico 

Mímre    30 Siujjle  Conn. 

Na>h    Slnplc  I>olťO 

National  6. . . .  Sinple  l>eUo 

National   12. . .  Sinijlc  Delťo 

Oaklnníl   34  n.Sinple  

Oklsniol)ilo,  all.Sinule  Kemy 

()lynii)lan    4ä..Sinple  Conn. 

Overia nd  00. .  .  SinKle  Conn. 

Packard  3  25..  Šindle  Delco 

Paiťe.   all Šindle  Uvuiy 

Pateison   0-46  .  Duní  Drlro 

Peerlrss  Ser   é.Slnple  At-Kent 

Pierce  A'w  K-5.1)<»nl»le  Iíos<h 

Pilot  <;  4r» Hnal  Delco 

Pn-miíT  ť»-C.  .  .  Slnule  Dolro 

R«Mí  T  iSc  U.  .  .  .Sinjíle  Uerny 

Kevere Sincle  ISosch 

KoaiiHT    0-54.  .  Slnjrle  P.o-^íh 

Snxon    Y-K).  .  .  Sínulo  Uorny 

SavíTs    Siuulo  Ih'lco 

S<'rij>ps-H<n(th     SliiL'lc  Krmy 

SeiiíM-a    H Sliiule  

SlntuT   "líl".  .  .  Slnťle  Rosch 

St»n<lanl  s  (5.  .  Sinyle  Split 

Stanh'v   7:?5 

Stf'arns  SKL-4.Slm:le 
Stephrnx  70.  .  .  Sliml»» 
Stuflrliakrr  EH.Sinv.'lc 

Stntz   (J Douhlo 

Tíiiiníar    445..  S 
Tní^á  .V  I»  1.  ..S 

V«li4'    '.\s ^s  nt:I«» 

W(-.t(..ir    S 

\Vill\^  Knik'ht 

^^4 Slnclo 

Wintuu  Slx.  all.Siiul** 


nu'l»« 
n -J  I  e 


Kemy 
I)el<-o 
Kemy 

K«'my 

I)»«1(0 

K«'mv 
Ih'lco 

Conn. 


Iland 
Iland 
Iland 
Auto 
Iland 
II  &  A 
II  &  A 
II  &  A 
Iland 
Ha  ml 
Iland 
Iland 
H&A 
Iland 
Iland 
H&A 
Hand 
Iland 
Hand 
Hand 
Hand 
Hand 
Hand 

Hauď 
Hand 
Hand 
Hand 

Haňď 
Hand 
Hand 
Hand 
H&A 
Hand 
Aut»> 
H&A 

Hnnd 
Hand 


Remy 

6 

Wagner 

6 

Dyneto 

6 

Waifner 

6 
6 

I  H'leo 

6 

West 

6 

Kijur 

6 

Remy 

6 

I>elco 

6 

A  L 

6-8 

A  L 

C 

Rljur 

6 

Gray&Davls  6 

Delco 

6 

A  L 

6 

West 

6-« 

Delco 

6 

l»elco 

6 

Kemy 

6 

Nnrtb  East 

6 

Hijur 

6 

Wagner 

6 

Delco 

6 

Remy 

•    • 

AllisChalm.    6 

Weí5t 

6 

West 

6 

Remy 

6 

Remy 

12 

Delco 

6 

Wacner 

6-« 

Remy 

« 

Remy 

6-8 

Dvneto 

6 

Remy 

6 

lAelco 

6 

Remy 

Anto-Lite 

Dyneto 

WaíHJer 

A  L 

Delco 

West 

Bljur 

Remy 

Delco 

A  I. 

A-L 

Kijur 


Rijur 


6 
6 

6 
6 
6 
6 
6 

6 
« 
6 

« 
Gray  &naT|8  6 
Delco  6 

AL  6 

West  « 

Delco  6 

Delco  6 

Remy  6 

North  East      6 
BlJur  « 

Warner  6 

Delco  6 

Remy  6 

•  •••••••  • 

West  « 

We«t  6 

Reiňy      *        Í2 

Delco  « 

Wainier  6 

Remy  6 

Remy  6 

Iíyneto  « 

Remy  6 

Delco  6 


6-«  AL  « 

6  Itljur  6 


LA  M  ľ    (WNDLEPOWER.    VOLTAGE    AND 
TYPE   OF   BASE 

M  \*:i:  and  MODKl                      I.IflHTS           UGHTS  UGHTS       LIGHTS 
O  ť  CAR        Contact    Volt  s        (P.     IVots      CP.       Volto  CP.    Volta  CP. 

Alien   41 Sln^'l..       OM        m      -O-S          4  5-A       2       ft-«       2 

AuMTli-an  K SinuU-      i;  s       i.-|     •«-«         4  e-8       2     d6-8       2 

Andi  ľ-..n.  all Sln;:!..       n   s        12        t»-8          2  6-fi       2       6-6       2 

Ai»p«ľ>«»u  s-ii) i^iiicw      i\  s       1.-,     ♦«•>  H         4  e-*       2     d6-^       2 

Aiihnni  <l-31) Slnule      G- s       15     •<>-»         4  0-8       S     4M-8       2 

Anstin    12 Sinu'ie       n  s        24        OS        16  6-8       6       6-6       S 

Kiddle  H Siu»:le      Os       l.s     'H-h         4  6--8       S    d6-8       4 

Rlrch Double     6-b       15     *6-8         4  6-6       6     ^-Í       4 

Briscoe  4-24 Slngle      6-ä       21        t^      É    ÍM      4 

Bttlck Slngle      0-^      16       Mi    ^B     Í 

asjífis  67 6^  18  6-8   6  n  .&í^Ľ 


TABLES  OF  ELECTRICAL  EQUIPMENT,  1916  TO  1920  CARS      557 

of  1919  Cars^Continued 

HORN  Equipment,  aee  pages  558  and  559  


MARE  and  MODEL 
OF  CAR 


Make 


Type 

BATTERY  of 

Wir-  Elec- 

inj7     trie 

Amp.     Volt-  Sys-  Sys^ 

Hr.        apre    tcm    tom 


FUSES 


Type  Volts  Arap 


Mltcbell  E  40 Willanl 

MollDe  Kniffbt  L Willanl 

Monitor Willanl 

Moon.   all Kxhlt- 

Moore  30 Wlllarfl 

Nash    Willanl 

National  6 ľn^st O  L 

National  12 1»rcst  ()-L 

Oaiciand  34  lí    ľn«st-0  L 

Oldsmobile.  all l^  S  L. 

Olympian  45 V  S. 

Overland  90 U.  S.  L. 

Packard  3  20 Willanl 

Palge.  all Willnnl 

Patprson  6-46 Willanl 

Peerless,  Ser.  4 Willanl 

Plerce-Arrow  D-r> Exidľ- 

Willnnl 

Pilot  6-45 Prest-O  L 

Premiér  6-C Willanl 

ReoT&U Willanl 

Revere Willanl 

Roamer  6-54 Willanl 

Saxon  Y16 Prest  ()  L 

Sayers Willard 

Scripps-Booth        Prest  O  L 

Seneca  H Willard 

Sin^er  "19" Willanl 

Standard  8  G Willanl 

Stanlev  73ri Willanl 

Stearns  SKL  4 Willanl 

Stepbens  76 WiManl 

Studebaker  EII Willanl 

Stntx  G Willanl 

Templar  445 Tohimbia 

Tnlsa  A-D-1 Willanl 

Velie  38 Willanl 

Wcstcott Willanl 

Willys-KnlRht    88-4 V  S.  L 

Wlnton  Slx.  all Willnnl 


10í) 
117 

8  S 

80 

80 

100 

no 

110 

8.- 
SO 

•  "    •  • 

t.) 
120 
108.4 


135 

ms.,") 

ll'O 

llá 

GO 

*8(V  ' 
8S 
ll.-» 
100 
100 

01  r» 

80 
80 


100 
90 

ior» 

100 
120 
110 


8 


G 
6 
6 

G 
G 
G 
G 
G 
G 
G 
G 
»  S 

(> 

G 
i\ 
ť> 

G 
6 
G 
G 
G 
G 
(i 
G 
G 
G 
«*> 
G 
G 

12 
G 
G 

12 

é 

6 

6 
6 
6 


S   Cart 


S 

S  G 

S  (i 

(51  .  . 


GI  (;hws 

S  (;.  T. 
s  c; 


6 
200 


20 
20 


G 
6 


GI 

S 

4;i 
s 
s 
s 


A.  G.  6 -S 


Win» 

3Á  " 

Cart 


G 

G  8 


(5M 

S   G.  C. 


10 


20 
10 
20 


10 


5 


10 
15 


20 
5&10 


2 
1 


<; 

s 
s 
s 


s 
s 
s 

GI 
S 


Cart 


Tart 


(5  T. 
Wire 
CH. 
G.  T. 


6 


20 

20 

20 

6    10 


6 
G 
í 

G 
C 


15 

5 

25 

20 
20 


MAKE  and  MODEL 
OF  CAR 


SPARK  PLUGS 


Make 


Diam. 
Inchee 


Thread 
Pitch 


HOP^^T 


Alien  41 Champion  .... 

American  B 

Ander8on«  all .••••••  .A.  C 

Apperson  8-19 A.  C 

Aubam  6-89 Hajab    

Austln  12 Heílex    

Biddle  H Splitdorf 

Blrch  ..••••••••••• 

Brewster Herz-Koug.   . .  . 

Briscoe  4-24 Champion   .... 

BuiCK   *..  •  •*•••••••. A.  c .■**.*••• 

Cadillac  67 ťTltan 

CEmpbell  C*4 A.  C 

CAae  U'18. •  ..••••. ..A*  c. .>...... 

'CbAlmers  S5-C. A.  C ••• 


'H 
'H 

"h 


T? 


% 


1^ 
1N 
IS 

Is 

18 
18 
18 
IS 
18 

•    ■ 

18 


«  • 


Garford 

Sparton 

Klaxon 

Sparton 

K.  .V. 

Spartfm 

Klaxou 

Klaxon 

Schwarzo 

Stťwart 

A  u  to- ho  rn 

(•arford 

KlaxoD 

Sparton 
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AUTOMOBILE  ELECTRICAL  SYSTEMS 


Electrical  Equipinent 

FoR  Ignuion,  Generátor,  Motor, 


LÁMP    CANDLEPOWER.    VOLTAGE    AND 
TYPE   OF    BASE 
HEAD-  SIDE-  TAIL-        DASH- 

MAKE  and  MODEL  LIGHTS  UGHTS  UGHTS       UGUTS 

OF  CAR        Contoct    Volts        CP.     IVoU     CP.       Volta  CP.    VolU  CP. 


Chandler    Single  6-8  16  6-8 

Chevrolet,  all Single  6-8  20  6-8 

Cole  870 Single  6-8  21  •6-8 

Columbia,  all Single  6-8  lô  •Ô-S 

Comet    C-51 Single  6-8  ..  3-4 

Crow-Elkhart  K-36 6-8  16  6-8 

Cunnlngham  V-3 6-8  21  6-8 

Daniels  8B Single  6-8  18  6-8 

Davls 6-8  18 

Dlxie   Plyer Double  6-8  15 

Dodge    Single  12-18  15 

Dorris   Single  6-8  21  •6-8 

Dort  15 Single  6-8  15 

Elcar.  all 6-8  15  6-8 

Elgln    H Double  6-8  15 

Essez  A Single  6-8  15 

Pord  T 6-8  17  6-8 

Franklin  9 Double  12-18  21  •12-8 

0«ronlmo    Single  6-8  21 

Ollde  6-40 Single  5-8  15  •6-8 

Harroun » 6-8  20 

Harvard  4*20 6-8  3-4 

Hatfleld   A Single  6-8  15  •4-8 

Hajnes.  all Double  6-«  18  •6-8 

HoíUer.  all Single  6-8  15 

Holmes    Double  12-16  30  •12-16 

HudBOD  Super  Six.SÍnglo  6-8  5  6-8 

Hunmobile  R Single  6-8  15  6-8 

Jackson  

Jones Double  6-8  15  •6-K 

Jordán Single  6-8  21  *6-8 

Klng  8 Single  6-8  18  •6-8 

Klsael Single  6-8  18  ^6-8 

Kline  642  S.  8 Single  6-8  15 

Lexington  R-19 . . .  Single  6-8  32  ^6-8 

Liberty  ^lOB Single  6-8  15  ^6-8 

Locomobile  38  2. . .  Single  6-8  21  6-8 

Malbohm    B Single  6  8  16  6-8 

Marmon  34 Single  6-8  30  •6-8 

Maxwell  25 Double  12-16  24  •12-16 

McFarlan   127. ..  .Single  6-8  21  ^6-8 

Mercer.  Ser.  4 Single  6-8  24  •Ô-S 

Mitcbell  B-40 Double  6-8  14 

Mollne  Knlght  L •6-8  15  •6-8 

Monitor 

Moon,  all Single  6-8  18 

Moore  30 Single  6-8  20  eS 

Nash    Single  6-8  18  •ô-S 

National  6 Single  6-8  16  •d-S 

National   12 Single  6-8  18  •6-8 

Oakland  34-B Single  6-8  

Oldsmobile   S7-A 6-8  15 

Olynipian   45 .  •  • 

Overia nd  90 6-8  12 

Packard  3-25 Single  6-8  24  ^6-8 

PUge.  all Single  6-8  18  •d-S 

Pftterson  6-46 6-8  24  6-8 


4 

6-8 

2 

6  8 

2 

4 

6-8 

4 

6-S 

4 

12 

6-8 

4 

d6-8 

6 

4 

6-8 

2 

d6-8 

2 

•    • 

3-4 

*   • 

8-4 

«    ■ 

4 

6-8 

2 

6-8 

2 

6 

6-8 

2 

6-8 

4 

2 

6-8 

4 

6-8 

2 

«    • 

6-8 

2 

6-8 

2 

■    • 

3-4 

2 

3-4 

2 

•   • 

12-18 

2 

12-18 

2 

4 

6-8 

4 

6-8 

4 

•   • 

6-8 

4 

6-8 

2 

4 

5-8 

2 

6-8 

2 

m    * 

6-8 

3 

6-8 

2 

•    • 

8-4 

2 

•3-4 

2 

2 

6-8 

2 

•    •   • 

«    « 

4 

8 

2 

12-18 

•» 

•  • 

6-8 

2 

6-8 

2 

4 

6-8 

2 

d6-8 

2 

•  • 

3-4 

6 

3-« 

8 

■  • 

3-4 

•  • 

•3-4 

«  • 

4 

6-8 

4 

6-8 

2 

12 

6-8 

2 

6-8 

2 

•  • 

3-4 

2 

d^3-4 

2 

4 

6-8 

2 

6-8 

2 

4 

3-4 

2 

•3-4 

2 

2 

6-8 

2 

6-8 

2 

•   • 

4 

•    •    • 

86-8 

2 

•    •    • 

s6-8 

2 

4 

6-8 

3 

6-8 

3 

4 

6-8 

4 

6-8 

2 

4 

6-8 

2 

6-8 

2 

•   • 

6-8 

4 

d6-8 

4 

8 

6-8 

2 

d6-8 

4 

4 

6-8 

2 

6-8 

4 

6 

6-8 

4 

6-8 

2 

4 

3-i 

2 

•3-4 

2 

9 

6-8 

2 

6-8 

4 

2 

12-16 

2 

12-16 

2 

12 

6-8 

2 

8-8 

2 

4 

0-8 

4 

8-8 

4 

•    » 

86-8 

4 

8-8 

^ 

4 

6-8 

2 

8-8 

<» 

•    • 

6-^8 

2 

•   * 

fie-8 

2 

•  • 

6-8 

2 

• 

4 

6-8 

2 

e-« 

S 

6 

6-8 

4 

d8-6 

2 

6 

8-8 

4 

df^ 

f 

■  • 

8-8 

t 

f4 

1 

•   a 

8^ 

t 

il 

i 

•    • 

•  •  • 

•  • 

_  la^ 

•• 

•   • 

^■4 

f 

^Hft 

á 

4 

8«S 

1- 

^^^b 

M 

4 

Ĺ2 

& 

,^^^^M 

m 

4 

4<iä 

J 

1^1 

L 

F.  A.  8TARTING  AND  LIGHTING  SYSTEM  FOR  FORD  CABS     559 
of  1919  Cars— Continued 

Battert  and  FT3SE  Eqpipiíent,  aee  pages  554  and  555 


MAKE  and  MODEL 
OF  CAR 


Make 


SPARK  PLUGS 
Diam.  Thread 

Inches  Pitch 


HORN 


vľiiAocuGr  •••••••••■  s-i^*  Kft •••••• 

Chevrolet,  all A.  C 

Columbia.  all Champion  . 

Comet  C-51 Champion   . 

Crow-Elkhart  K-36. .  .Champion   . 

Cunnlngham  V-3 Champion  . 

Daniels  8-B A.    C 

Davls A.    C 

Dlxie  Plyer Champion  . 

Dodge A.   C 

DorrlB {?C°ľ!.*?. 

Dort  15 A.   C.!!!!! 

Elcar*  all Champion  , 

Elgln  H Champion  . 

Essez  A A.    C 

Ford  T Champion  . 

P-oUla*. jSS'í. 

Oeronimo Champion  . 

GUde  6-40 Champion  . 

Harroun    A.   C 

Harvard  4-20 

Hatfleid  A A.  C 

HaTnes,  all A.   C 

HoiUer,  all Champion  . 

Holmes Bethlehem 

Hudson  Super  Slz. . .  .A.   C 

Hupmoblle  R A.   C 

Jackson  ...*..•..•.. A.   C 

Jones Champion  . . 

Jordán   A.   C 

King  S Champion  . . 

KlBsel ;.A.   C 

Kline  642  S.  8 Champion   . , 

UxtagtonB-W íiCife-tg-Ä 

Liberty  lOB A.    C 

LocomobUe  38-2 Champion 

Malbohm  B Champion   . . 

Marmon    34 A.   C 

Maxwell   25 Champion   . 

McFarlan  127 A.   C 

Mercer  Ser.  4 Champion  . 

MitchelI    E-40 A     C   

MoUne  Kniffht  L A     C 

Monitor    Champion   .  . 

Moon.   all Champion   .  ■ 

Moore  30 Champion   . . 

Nash    A.    C 

National  6   A     C 

National  12 A     C 

Oakland    34-B A.    C 

Oldsmoblle   37-A A     C 

Olymplan   45 Champion   .. 

Overland  00 Champion  . . 

Packard  3-25 A.   C 

^ wuffVt  au •••••■•••••  A»    ^•■••••« 


.18  m.m^ 


^ 


ti 


•  «  •  • 


18 
18 
18 
18 
18 


18 


18 
18 

18 


Trojan 

Klazon 

Spartou 

Schwarze 

Trojan 

E.  A.  Lab. 

Sparton 

Klaxon 

Klazon 

Oarford 

Klazon 

Klazon 

Schwarse 
Klazon 


18 

E.  A.  L. 

15  m.m. 

Sparton 

plpe 

Own 

18 

Klazon 

18 

Trojan 

18 

Klazon 

•  • 

Schwarse 

18 

•  ••••••• 

18 

Ecco 

18 

Klazon 

18 

Sparton 
Klazon 

18 

18 

Sparton 

18 

Trojan 

•   • 

18 

Newtone 

18 

Sparton 

18 

E.  A.  U 

•  • 

Sparton 
Klazon 

18 

18 

Klazon 

18 

United 

18 

Klaxon 

18 

E.  A.  Lab. 

18 

Sparton 

18 

Schwarse 

18 

Klaxon 

18 

Sparton 

18 

A.  E.  L. 

18 

Klaxon 

18 

Klaxon 

18 

Trojan 

18 

Garford 

18 

Stewart 

18 

Sparton 

18 

Trojan 

18 

Klaxon 

18 

Optlonal 

•   ■ 

E.  A.  Lab. 

•   • 

Anto-Llte 

18 

Sparton 

•  • 

Trojan 
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AUTOMOBILE  ELECTRICAL  SYSTEMS 


Electrical  Equipment 

FoR  Igííition,  Generatoe,  Motor, 


LÁMP    CANDLEPOWER,    VOLTAGE    AND 
TYPE   OF    BASE 
HEAD-  SIDE-  TAIL-        DASH- 

MAKE  and  MODEL  LIGHTS  LIGHTS  LIGHTS       UGHTS 

OF  CAR       ConUct    Volts       CP.     IVots     CP.       Volta  CP.    VolU  CP. 


Peerless.  Ser.  4.  ..Sinifle      «-«       18        6-S       4       6-*       2 

Pl*»rcí'- Arrow    5...Sin»:io       «  s       21      •0-8         4  0-8       4       «-«       4 

Pilot  0-45 SlTiťlo       OS        ir,                      ..  0-8        «        0-8        6 

Pri'inlor  O  r Doubh*     0  8        21      •6-8          4  6  8        2        0-8       2 

Reo  T  &  U Douhlo     0  8        ir*                     .  .  3-4        2     •3-4        2 

Reverp Doiiblo      0-8       20     •6-8          8  0-8       4       6-8        4 

Roamor  O  ."14 SIuľIm       6  S        10     •O-S         4  0-8       4     d6-8       4 

Saxon  Y-10 SIijííIo       6  8        ir.        6-8        2       6-8        2 

Saj'fTs Slnfilo       6  S        ir»        0-8        2     cl6-8        2 

Srrlpy«*  Hooth Slnplo       OS        ir»        ...  6-8        2       6  8        2 

Senora  H Slnirlo       0-S        ir»        6-8          2  6-8        2     d6-«       2 

Slnírer  "lír' I>onblo     6  8        32       6-8          4  6-8        2       6-8        2 

Btanilanl    « (i Sin>:lc      0-S       3l*     •e-S         4  0  8       2       6-8       2 

Stanh'v   T.ri Slntlo       0-S        IS      •6-8     2-4-6     6-8        2       ft-8        2 

Stearns   SKL-4....Sliiclc     12  10     12  ^12-10       4  12-16     2      12-16     2 

Sti'phons  70 SluuU*       0-8        15       6-8          2  0-8       2        6-8        2 

StiHlobnkor   KH...Sinplc      6-8        12        6-8       2       6-8       2 

Stutz    (5 ir,     •                 4  ...        4.     ...        4 

Templar  44r> SJnpIo      6-8       IS     •0-8          4  6-8       2       6-8       2 

Tnisa  A  Dl Slnclo      0  8       21        6-8         2  6-8       2     d6-8       2 

Velio  38 Slnclo       6-8        ir.      •6-8          4  6-8       4     d6-8        4 

We^trotí    Slnple       0-8        15      •6-8          4  d3-4        2  d •3-4        2 

Wlllys-Knlírht  88-7.4  S-O-2     0-8        10        3-4        2     •3-4        2 

Win  ton  .»<i  x  22 Sinjrlp       OS        21        0-8        12  6-8       4       6-«       4 

Abbheviations  :     •  Startiof?  and  LUhtini?  in  rloaed  modeU  oDly.    Iirnl* 
tlon  :     .4ŕA'.   Atwnter  Kent :    roiin  ,   ronnecticut ;    Wešt,   Westlnffhooae ; 

Auto.  Automatic:  //  d  A,  Iland  and  Automatic:  ff-  A.,  Seml-Automatic. 
Oen«»rator  :    A  L,  Auto  Lltp  [Odl).  Oray  &  Davl9  :  Leece-S,  Leece-Xerllle  ; 

Ward  L,  Wnrd  Leonard;  HfAŕ.  WestlnRhouse :  S  E.,  Xorth  E«»t ;  KpMf, 
SpUtdorf.    Motor  :  JL-L,  Auto-Lite  \  G  d  D,  Gray  &  Davla  ;  Letce^S,  Leece- 


.-•>  % 


TABLES  OF  ELECTRICAL  EQUIPMENT,  1916  TO  1920  CARS      561 

of  1919  Cars— Concluded 

Battert  and  Fuse  Eqcipiient  see  pages  £54  aLd  555 


MAKE  and  MODEL 
O  F  CAR 


Make 


SPARK 
Diam. 
Inches 


PLUGS 
Thrcad 
Pitch 


HORN 


Peerless  Ser.  4 \.  r 

Pfercť^ Arrow   5   V  <' 

Pilot  r>4r» \  r 

rroniier  d  C \  (V 

Roo  T  &  U \  r 


Revere Knjnh    . .  . 

Roamer    6-54 Champion 

Saxon    Y-16 ,A.    V 

Sayers (^hampion 

Scripps  Booth A.   C 

Seneca  H A.   C 

Slnjrer    "IQ" A.    C 

Standard  8  G Splltdorf  . 

Stanley  735 

Stearns    SKL-4 A.    C 

Stephens  76 Champion 

Stndebaker   EU (^hanipion 

Stutz    G A     C 

Templar   445 ^Champion 

Tulsa  A-D-1 (^lampión 

Velie   38 Champion 

Westcott A.    C 


Champion 

Winton   Six  22 

Wlllys  Kniícht   88  7.  .Champion 


'm 

T 
t8 


"i 


•      • 

% 
% 


h2 


5^ 

% 


T« 


is 
iš 

18 


18 
18 
i  8 


18 
18 
18 

18 

18 


Sparton 

Kiuxon 

Sí'hwarze 

St«'\vart 
í  T  roji!  n 
)  Kiaxon 

Klaxdii 

Sparton 

Schwarze 

Stí'wart 
f  Trojan 
I  Klaxon 

FltZKorald 

Klaxon 

Klaxon 

Klaxon 

ft.  &  A.  Lab. 

Trojan 

Sparton 

Klaxon 

S<-hwarze 

Klaxon 

Sparton 

Klaxon 
\  Klaxon 
í  A.  L 
i  AmiTK'an 
í  Eh'rtric 


Nevllle  ;  Weat,  WestlnKhouse.  Rattery  :  PrentO-L,  Prest-O-Utc.  Wiring 
systém  :  G/,  Generátor  and  Ignition  combiued  :  G/J/.  (Senerator,  Ipnl- 
tloD,  Motor  comblned  :  ŕf.  Generátor,  Motor,  I^nition  separáte;  GJ/,  (íen- 
erator  and  Motor  combined.  Fusos  :  GT,  Glass  Tube;  Cfirŕ.  Cartrid^re; 
C.  B.,  Circuit  Rreaker.  Ijimps  :  •  Dashllphts  in  seri«»s  with  tailliKhts; 
headli^bt  contains  sidelight ;  d, — double  contact ;  s, — singlc  cootact. 
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AUTOMOBILE  ELEGTRICAL  SYSTEMS 


Electrical   Equipment 

FoB  Lámp,  Spau  Pluo  amd 


MAKE  and 

MODEL 

OF  CAR 


SYS- 
TEM 


IGNITION 
Mak« 


GENERÁTOR 
Con-  VoK^ 

trol  Make       mge 


MOTOR 
Volt. 
Make 


American  B 

Anderson,  AIL... 
Apperson,  All — 

Argonne,  4 

Auburn,  6-39 — 

Begga 

Biddle,  B-1  & 

B-5 

Bour-DavU,  20- 

Brewster 

BrlBCoe,  4-34...... 

Bulck -. 

Cadillac,  57 

Čase,  V .t. ... 

Chalmers,  35-C.. 

Cbamplon 

Chandler.  All 

Chevrolet,  All.... 

Cleveland,  40 

Cole,  All 

Colunibia 

Coinet.  C-53 

Commonwealth 
Crow-Elkbart, 

L-55 

Crow-Elkhart 

H-55 

Cunuingbam 

V-3 

Daniels,  D.. 

Davls.  51 

Dixle  Flyer 

DodRe  Bro.s 

Dorris,  6-80 

I»ort.  15 

d  u  Pont.  A 

Economy.  6-46... 

Elear,  All 

Elgln,  K -... 

Ferrls 

Ford,  T* — 

Franklln ^..... 

Gardner,  O 

Geronimo — 

Orant,  H ^....... 

Ha  n  BO  n  ....«.....^... 
Uarroun.  A 

A-2 

Hanrardi  4-20.^. 
HatOeld,  Á 


Sinarle 
SinKlo 
Sinsrle 
Sinsrle 

Sinarle 


Single 
SInffle 
Sinffle 
Sinsrle 
Single 
SInffle 
Sinsrle 
Sinsle 
Sinirle 
Sinfrie 
Sinffle 
Sinffle 
Eingle 
Singie 
Sinirle 
Sinirle 


Conn. 

Conn. 

Remy 

Remy 

Eiae. 

Remy 

Conn. 

Simma 

Remy 

Berlinff 

Conn. 

Delco 

Delco 

West 

Remy 

Deleo 

Boflcb 

Remy. 

G.  AD. 

Delco 

At-Kent. 

Wacner 

AťKent. 


Sinffle   Conn. 
Sinsrle   Conn. 


Šindle 
Sinarle 
Single 
Síncrle 
SinRle 
Singrle 
Sinfirle 
Sinsrle 
Sinifle 
Single 
Single 
Sinarle 

Single 

Sincrle 

áinffle 
Sinffle 

^  Slngle 


Delco 

Deleo 

Booch 

Conn. 

Own 

Boflch 

Conn. 

Own 
Delco 
Wasner 
Delco 

Own  * 


West 
Delco 
At^Kent. 
Remy 

Remy 

At^Kcnt. 
Conn, 


Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 

Hand 

Hand 

Hand 

Nand 

Hand 

HA  A 

H&A 

Hand 

Hand 

Hand 

Hand 

Hand 

HAA 

Hand 

Hand 

Hand 


A-L 

West 

Remy 

Bljur 

West 

Remy 

A-L 

G«D 

Remy 

U.  S.  L 

A-L 

Delco 

Delco 

West 

A-L 

Dyneto 

G«D 

AL 

GAD 

Delco 

A-L 

Wagner 

Dyneto 


Hand    Dyneto 
Hand    Dyneto 


H&A 

H&A 

Hand 

Hand 

H&A 

Hand 

Hand 

H&A 

Hand 

Hand 

Hand 

H«A 


Hand 


West 

Delco 

Delco 

Dyneto 

North 

West 

West 

West 

A-L 

Delco 

Wagner 

Delco 

L-N 

Own 


6  A-L 

6  Remy 
6  West 
6  BUur 
12  West 
€  Remy 
€  A-L 

€  GAD 
6  Remy 
12  U.  S.  L. 
€  A-L 
6  Delco 
€  Delco 
€  West 
6  A-L 
€  Dyneto 
6GAD 
6  A-L 
6G«D 
€  Defeo 
6  A-L 
6  Wa«Bcr 
f  Dyneto 

€  Dyneto 

€  Dyneto 


6  West 
6  Delco 
6  Delco 
€  Dyneto 
12  North 
6  West 
€  West 
6  West 

6  A-L 
€  Deleo 

f  Wacner 

7  Deleo 
«»  L-N 

6  Own 


U 


12 


Hand  West 

Dyneto 

Hand  BUur 

Hand  A-L 

Hand  Remy 

..~ WagBcr 

■Í..W1III  DyiMto 


f  West 
f  Dyneto 
f  OranUW 
<  A-L 


6 

• 
• 

6 

t 


TABLES  OF  ELECTRICAL  EQUIPMENT,  1916  TO  1920  CARS      563 

of  1920  Cars 

HORN  Eqciphent,  aee  pages  558  and  559 


BíIAKE  and  MODEL 
OF  CAR 


Make 


Type 
BATTERY  of  FUSES 

Wir-  Elec- 
inír    trie 
Amp.     Volt-  Sys-  Sys- 
Hr.       age  tem   tem      Type  Volts  Amp 


Alien.  43 Prest-0-L   80 

American.  B Willard        90 

Anderson.  All Willard        9C 

Apperííoii.  All Willard      108 

Arj^onne.  4 - Exide         lOO 

Auburn.  6-39 Willard        80 

Ueggs - Exlde  80 

Biddie.  B-1  &  B-5 Willard       90 

Bour-Davis,  20 Willard      103 

Urŕwster  ......... ..................  •...-•......•...      ...... 

BriRCoe.  4-iiZZZZIZZ,  Prest-O-L  8Ó 

IJuirk Willard        SO 

Cadillao.  57 Kxide         130 

Ca.se.  V ~ Willard      117% 

Chalniers.  35-C Prest-O-L  105 

Champion Willard        90 

Chandler.  All Prest-O-L105 

4'hevr<»lPt,  All -....  Willard        80 

Cleveland.  40 Prest-O-L   04 

Cole.  All Prest-O-L    50 

Columbia Prest-O-L   80 

Coniet.  C-53 Willard        75 

Commonwealtb Prest-O-L  105 

Crow-KIkhart.  L-55 Exlde  120 

Crow-Elkhart,  11-55 Exlde         ...-. 

(hinnlnirham,  V-S Willnrd      120 

DanieU.  D Willard      140 

DavlK.  ni Willard        90 

nixie  Flye^ Willard     6  80 

I )odKe  Brothers Willnrd        50 

Dorris.  0-80 Willard      115 

Dort.  15  r.  S.  L.        85 

duPont.  A Exide         115 

Eoononiy.  6-46 Willard        90 

Elcar,  All Willard        90 

Elífin.  K Willard       90 

Essex.  A, - Exide  105 

F  9a  n  i^**  •-•••■>••■■• ->•••■••••••■■•••-••••  ■*-•••>•>*•>>•••       ..••*• 

Ford,  T Opt.  80 

Gardner,  O Willard       90 

Oronimo Willard        S8 

(Srant.n - Prest-O-L  106 

Hanson Prest-O-L   80 

Harronn Prest-O-L  80 

Nat  Carb Xat.  Carb 

HAtntíd,  A WllUrd     100 


6 
6 
6 
7 
12 
6 

1  GI 

1  S 
1  S 
1  S 

1 .... 
1  s 

1  GT 

GT 
3-A 

SAE 
Open 

6 

1.250 
6 

1.250 
12 
6-8 
6 

15 
20 
5 
10 
20 
25 

6 

Cart. 

15 

6 
6 

1 

1 

s 

GT 
GT 

6 
6 

10 
15 

6 
6 

1  íA 

1  S 
1  GM 
1  GI 
1 

1  S 
1  S 
1  (íl 
1  S 

1  s 
1  s 
1 .... 

GT 

6 

"so" 

6 

6 

a 

6 
6 

20 

6 
6 
6 
6 
6 
6 
6 
6 

5AGT' 

(ÍT 
GT 
GT 

•  ••« 

105 

151 

200 

6 
6 

••  *•«••>•■*•« 

6 

6 
6 
6 

1 

1 

1 
1 
1 

2 
í 

1 
1 

1 

••■• 

Cart. 

6 

10 

s 

s 

GM 

S 

s 

1-50 

5-8 
6 

6 
6 

— 

12 
6 
6 
6 

Enol. 
(ÍT 

10 
15 
10 

6 
6 
6 
6 

"i  S 
1  .... 
1  s 

GT 

GT 

6-S 
6-8 

20 
20 

•♦♦- 

6 

■  •••         >•  •  a 

1  S 

•■•• 
■>•« 

6 
6 
6 
6 

1 
1 
1 
1 

s 

s 
s 

•  ••« 

GT 

2(3T 
Cart. 

6 

6-8 
6 

20 

15 
3 

6 

1  s 

lOt 

6 

•••«t«iii«ii 
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AUTOMOBILE  ELECTRK^AL  SYSTEMS 


Electrical   Equipment 

FoR  Lámp,  Spark  Plug  aní- 


MAKE  and 

IGNITION 

GENERÁTOR          MOTOR 

MODEL 

SYS- 

Con- 

Volt. 

Volt- 

OF  CAR 

TEM 

Make 

trol 

Make 

age 

Make 

ajri 

Hnynes.  All 

Singie 

Opt. 

Hand 

liUee-N 

6 

Luce-N 

íl.  C.  S.  Spcsial. 

SinKle 

Delco 
R.  &B. 

Delco 
West 

Delco 
12  West 

Hollier.2C«-U... 

Haiid 

HolniPs 

Sintrlc 

Eise. 

Auto 

Dyneto 

12 

Hiidson.  O 

Šindle 

Delco 

H&  A 

Delco 

é 

Delco 

Ilurfinan.  \V 

Sinprle 

Conn. 

Hand 

Dyneto 

6 

Dyneto 

ilupmobile.  It 

Sin^rle 

At-Kent. 

Hand 

West 

6  West 

Jiu  kson.  fi-38... . 

Sinplc 

Remy 

Hand 

A-L 

6 

A-L 

Jone.s.  All 

Sinjjrle 

Rcmy 

Hand 

A-L 

6 

A-L 

Jordán,  F 

Si  n  Kle 

Delco 

Hand 

Delco 

6 

Delcf 

Jordán. M 

Šindle 

Delco 

Hand 

Delco 

6 

Delco 

Kenworthy 

SinKle 

Ät-kent. 

Hand 

West 

6 

Kiuiz,  11 

Weiit" 

Kissťl 

SinKle 

Remy 

Hand 

Remy 

6 

Remy 

Kline,  6-Ô5-J 

Sinple 

Conn. 

Hand 

Wasrncr 

6  Waamcr 

La  Fayotte 

Doublo 

Delco 

H&  A 

Delco 

6 

Delco 

Loach 

Remy 

West 

LexinKton,  S-:iU.. 

SinKle 

Conn. 

Hand 

G&D 

6 

G  &  D 

Liberty.  U -C 

Sinirle 

WaKner 

Hand 

Wnifner 

6 

Waifiier 

l^)comobile.  18  . 

Dual 

Berlinj; 

Hand 

West 

6 

Wc«t 

Loíraino 

Sinyle 

West 

Hand 

West 

6 

Wcj»t 

Maibohm.  B.    ..    . 

SinKle 

At-Kent. 

Hand 

Bijur 

6 

Bijur 

Mannon.  34 

SinKle 

Delco 

Auto 

Delco 

6 

Delco 

Slai  shall 



Miiitin-Wnsp 

Maxwell.  2r> 

SinKle 

At-kent. 

Hand 

Simma-HufF 

12 

Šimm»-Huff    12 

McFarlan.  127  .  . 

Doublo 

Or»t 

Hand 

West 

6 

West 

< 

Mcrcer.  Ser.  5 

Sintrle 

Berling 

Hand 

West 

6 

West 

< 

Meteor.  KR     

SinKle 

Simms 

Hand 

Bijur 

6 

Bijur 

« 

MeT7..  Mnster  Six 

Sinele 

Conn. 

Hand 

West 

6 

West 

« 

Mitchell.  F-i(    . ... 

SíhkIc 

Remy 

Hand 

Remy 

6 

Remy 

< 

Mf)nitt>r 

Siniíle 

Conn. 

Hand 

Dyneto 

fi 

Dyneto 

_^^ 

Monroc.  S-l> 

SinKle 

Conn. 

Hand 

A-L 

6 

A-L 

< 

MíHm.  6-lH     ..  .   . 

SinKle 

Waprner 

Auto 

Delco 

6 

Delco 

« 

Moon.  6-68 

SinKle 

Delco 

Auto 

Delco 

6 

Delco 

6 

Moíire.  F 

SinKle 

Conn. 

Hand 

A-L 

6 

A-L 

a 

Murray     

Nash 

SinKle 

WaKner 

H&  A 

Deíco 

fi  Waimer 

6 

Nntional.Seriejí... 

SinKle 

Delco 

H&  A 

West 

6  West 

a 

Ndson.D     

SinKlť 

Bosch 

Hand 

U.  S.  U 

12 

U.  S.   U 

12 

Noma.  1-B      ..    . 

SinKle 

Delco 

Auto 

Delco 

6 

Delco 

6 

Oakland.  31-B.    .. 

SinKle 

Remy 

Hand 

Remy 

6-8  Remy 

ft 

Oiíren,  6-6o     .. 

SinKle 

Bosch 

Hand 

West 

6 

West 

6 

OMsmobile.  :íT-A 

SinKle 

Remy 

Hand 

Remy 

6  Willani 

6 

OIdsmobile.  ir>-B. 

SinTle 

Delco 

Hand 

Delco 

6 

D^co 

< 

Overland,  4    ... 

SinKle 

Conn. 

Hand 

A-L 

6-S  A-L 

6 

Packard.  3-35...  . 

SinKle 

Delco 

H&A 

Bijur 

6  BUur 

« 

Paiííe.  All.    -...  . 

Sinicle 

At-Kent. 

H&  A 

G&D 

eCAD 

4 

Pan-American, 

AU 

Sinsric 

At-Kent. 

Hand 

West 

6  W«i 

6 

Paronti    

PaUnon.  6-47 

DÍmÍ" 

Z>«ieó 

Hand 

Ďdoo 

0 

Ull»" 

t 

k. 


TABLES  OF  ELECTRICAL  EQUIPMENT,  1916  TO  1920  CARS      565 

of  1920  Cars— Continued 

HORX  EgriPMENT,  see  pages  558  and  559 


MAKE  and  MODEL 
OF  CAR 


Make 


Type 
BATTERY  of  FUSES 

Wír-  Elec- 
tnsr     trie 
Amp.     V<»lt-  Sys-  Sys- 
Hr.        asc    tom    tom       Typo  Volts  Amp 


Haynes.  AIl WlIhird 

IT.  C.  S.  Sí»e<lal 

iioin«»r.  2C6-H r.  s.  l 

ITolmes Wlllanl 

lluflson,  O Kxi(Je 

IIiiíTninn,  W Willard 

Iliiinnohlle.  K WillJinl 

Jaí'kson.  6:W ľ-  S.   L. 

Jonps.  AU Pn»Kt-0- 

.Tordnn.  V _ Willanl 

Jordán.  M - *  Willard 

Kinp.  H Prest-O- 

Kissel Willard 

Kline.  6-.V-J Prest-O- 

La  Fayette Exide 

Learh 

Lexinffton.  S-20 Willard 

Liborty,  lOC Willard 

Lo<'oni(>bile.  48 Kxide 

Lorralne ľ-  »*>•  Ľ 

Maiboliin.  I? Willard 

Marmon.  34 Willard 

Maxwpll.  25 Eľí^^*-^' 

Mť'Farlnn.  127 ^^  iUnn} 

M«*rrer,  Ser.  S Willard 

Meteor.  KU Willard 

Metx.  Mnster  Six Willard 

Mltohell.  r-40 Willard 

Monitor ľre«t  O- 

Monroe.  S-9 T.  S.  L. 

Moon.  6-48 Vxi.ie 

Moon.  6  68 Exide 

Moore.   F %VilIard 

Nash iľ'^'yíl 

National.  Serieš  BTT Prest-O- 

Nelson.  P Willard 

Nonia.  1-B Jľ^^^^í! 

Oakland.  34-B í,?ľf  9" 

Offren.  6-00 ^^  illard 

Oldsmoblle,  ,37-A R^'niy 

Oldsmoblle.  45- B \y illard 

Overland,  4 _ T'.  S.  L. 

Packard.  íl-35 Willard 

Paige.  All Willard 

Pan-Amerioan,  All Willard 

Patersoti.  6-47 Willard 


120 


e 


m 

6 

1(0 

12 

1  i(r» 

t 

^  so 

6 

hlUj 

6 

04 

6 

L 120 

6 

108 

6 

94 

6 

L  120 

6 

117.5 

6 

I.  80 

6 

120 

6 

ico 

6 

90 

6 

iro 

6 

04 

p9 

04 

6 

162 

6 

L  35 

12 

6 

bó 

6 

6 

120 

6 

ICO 

6 

L 110 

6 

80 

6 

120 

6 

120 

6 

SO 

6 

iro 

6 

L  no 

6 

72 

12 

104 

6 

L  .85 

6-8 

120 

6 

80 

6 

80 

6 

80 

6-8 

120 

6 

108.4 

6 

lOO 

6 

110 

6 

1  f;i  (}T          6                5 

i  s         (ÍT 6  "  20 

2  S  (ÍT         15              15 

1  (;m    

1  S         6  25 

1  S  Enrl.       6               10 

1  <JI  (ÍT           6-8           15 

1  (Jl  OT           6               20 

1  S        r.  B 

1  S         C.  B 

1  S  Tart.       6              10 

1  S  3A.ÍI.      6               20 

1  S  5  A. G.       6 

1  GM    6 

i  ľ"        GT 6  '       15-5 

1  (U      

1  S  GT          6              10 

1  S         GT  

1  S  2A            6              2C 

1  (il      Cart 

1  GM    Cart 10 

1  GI  .''A.G.       O 

1  S        Cart 

i  S        GT 6  '*  10 

1 "'.'.  !!!ľ!Z!    "Z       z. 

1  s        

1  s        

1  s  GT          6-S             5 

2  S  G            12           5-30 

'i  í;i  .Zľľľ  .Zľ       "" 

1  ....  Cart.      6             10 

1  

1  

1  GI  Glass      6             20 

1  S  GT          6              10 

1  S  (3             ......          20 

1  S  G             6 

1 
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AUTOMOBILE  ELECTKICAL  SYSTEMS 


Electrical 

FOB  Lámp,  Spark  Plco  and 


•»■ 


MAKE  nnd 

MODE^ 

OF  CAU 


SYS- 
TEM 


KINITION 
Mnko 


GENERÁTOR 
Con-  Volt^ 

trol  Make        affe 


MOTOR 
Volt- 
Make 


Peorlťsw.  Soľ.  6  ...  Sinirlo    At-Krnt. 

Piedmont,  6- H'....  Sin^lu    Rcmy 
Piercc-Arnn.. 

88  and  4  S Doublo  Dolco 

Pilot,  6-15 Oual       Dolco 

Portcr.  46  Duní       HíTlinfr 

Premiér.  6-1 » Sinvrlo    DHo 

Rco.  T  and  ľ     ...  Sirurle    North  East 

Reo,  T6  and  UC...  Siiurlo    North  East 

Revere. Siniflo    Bosrh 

Roainor,  6-r>  I      ...  Sintrlo    B<»sch 
R.  &  V  Kni;'ht. 

J.  &  R Duíil       Waírner 

Saxon,  125 _ Sin^rlc    Romy 

Saypr.  C.  P Sinjrlľ    Dflco 

Scripps-Booth.  B  Siii'ílo    Rcmy 

Scneca,  L Sinuh*    C'onn. 

Sinjfor.  2C Sin^lc    Bosch 

Skolton Conn. 

Spaekc.  S-20 

Standard.  8-1 Doublc    Dixic 

Stanley.  735     

Stearns,  SKI^ L.  .  Sint'le    At-Kent. 

Stophens.  80  Sinirlo    Conn. 

Stevens-Durycn 

Stndebaker.  AII  .  Sinvrlo    Watfnrr 

Stiitz.  H Douhle 

Ternplnr.  415  .  .  Sinirle    SimmM 

Tulsa.  E .^^iri'Ie    Delco 

Velie.  34 Sirvrl«»    At-Kent. 

Velie.  18 Sinirle    At-Kent. 

Westcott.  C-.'Í8 

and  18.  ...  Šindle  DcIco 

Willys-Kniirht. 

02 Sin^'Ie    Conn. 

Winthcr.  61 SinuHe    West 

Winton.  21.    ..     .  Sinvle    B(«eh 

Winton,  25.     .     .  Sin-io    Bo*ch 


H  &  A  A-L 
Hand     Remy 


H&  A 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 

Hand 


West 
Delco 
West 
Delco 

North  East 
North  East 
West 
Bijur 


Hand  Waui.i-r 

Hand  WaRner 

Hand  Delco 

Hand  Remy 

Hand  Allls  <*lifit. 

Hand  West 

Hand  West 


Hand 

Hand 
Hand 

Hanď 
Hand 
Hand 
Hand 
H&  A 


West 
Reray 
West 
A-L 

WaRTier 

Remy 

Bijur 

Dyncto 

West 

Bijur 


H  &  A  Delco 


Hand 
Hand 
Hand 
Hand 


A-L 
West 
Bijur 
Bijur 


6  A.L  € 

6  Remy  € 

6-8  West  6 

6  Delco  « 

12  West  12 

6  Delco  6 

6  North  East       6 

6  North  East       6 

6  West  « 

6  Bijur  4t 

6  Waimer  6 

6  Wajmer  S 

6  Delco  6 

6  Remy  « 
6  AIIÍ8  CfaaL 

<  West  « 

6  West  f, 

.  ..        ....  . 

6  West  •> 
6 

12  West  i: 

6  A-L  a 

6-8  Waimer  ^ 

6  Remy  fi 

6  Bijur  fi 

6  Dyneto  ft 

6  West  < 

6  Bijur  ^ 

6  Delco  € 

6-8  A-L  6 

6  West  6 

6  Bijur  « 

6  Bijur  € 


ARBRrMATioNs:  "  Štart  in  c:  and  Lif(htinir  in  closed  models  only.  Iffn(- 
tlon:  At'K,  Atwntť  r-Kent  :  Ccmn^  Connerticut ;  HV«f,  Westlnirhottae :  Auto, 
Automatic:  //.  nC'  .1,  Hand  and  Automatic:  5.  A.,  Semt-Autnmatic.  Gener^ 
ator:  A-L.  Auto-Lite  :  <í  &  />.  Gray  &  Davis ;  Letce-S,  Leece-Nevllle :  Wwni^ 
L.,  Wanl-Lef)nard  :  *V.  K..  North  Ea'rt  :  SpliU  Splitdorf.  Motor:  A-L,  Avto- 
Ute,  G  &  D,   Gray  &   Davis:  Ucce-N,   Leece-NeviUe :    lf««t. 


TABLES  OF  ELECTRICAL  EQUIPMENT,  1916  TO  1920  CARS      667 

of  1920  Cars— Concluded 

HoRN  EQUiPifEKT,>Bee  pages  558  and  559 


Type 

BATTERY               or              FUSES 

Wii^  Elec- 

ing    trie 

BfAKE  and  MODEL 

Amp.     Volt^Sys-  Sya- 

OF  CAR 

Make 

Hr.        age    tem    tem      Type  Volte  Amp 

Peerless,  Sír.  «. -  Wlllard      . —  6 

Pledmont,  0-40 Willard        90  6 

Plerco-Arrow,  38&48 Willard      IHO  6 

Pilot,  6-45 Prest-O-L   80  6 

Porter,47    Prest-O-LllS  12 

Premiér.  fl-I) Willard      123.5  6 

Reo  T&V Willard      1C8.5  6 

Reo'T6&I*6 Wlllard      1C8.5  6 

Hevére Willard      120  6 

Roamer.  «-rj4 Cohimbia  117  6 

R  &  V  Knlght.  J  &  U Willard      117  6 

Saxon.126 Prest-O-L   80  6 

8ayer9,r.P Willard        80  6 

Scrinns-BoT)th,  B...~ Prest-O-L    85  6 

Seneca.  L ~ Prest-O-L   88  6 

Sineer.  20 Willard      115  6 

Skelton,3r> Prest-O-L   85  6 

Spacke,  S-20 

Standard.  8-1 Willard      100  6 

Stanley,  736 Willard      ICO  6 

Stearns,  SKL-4 - Willard        61.5  12 

Stephens.  80 ~-  U.  S.  L.     116  6 

Stevens-Dnryea -. 

Studebaker.  All... Willard       115  6-8 

Stiitz.  H Willard      12 

Teraplar,  045 rohimbla  100  6 

Tulsa Kxide           90  6 

Velie.  34 Willard       100  6 

Velie,48 ~ Willard      120  6 

Westcott.  r-38  &  48 Willard      120  6 

Willys-Knlpht.  20 F.  S.  L.     170  6 

Winther.  61 Willard      127  6 

Winton.  24 Willard      120  6 

Wiiiton.25 ~ Willard      139  6 


1  S  

1  s  5A.G.      6-8 

1  GI 

1  S  Cart.    12 

1  S  

2  GI  Wire  6  5 
1  S  Wire  -  6  6 
1  S  GT  6  15 
1  S  3A  6  10 
1  S  Cart.  250  20 

1  S  Cart.      6-8  15 

1  (}I  CK 

1  GI  GT          6  20 

1  GM  _  20 

1  S  GC 5  &  10 

i  sw  ijÄ  "     6   *  iri 

1  G  Cart.      6  20 

1  S  Cart.      6  20 

1  S  6  20 

1  S  Cart.      6  10 

1  S  20 

1  S                       6  20 

1  S  GT          6  15 

i  S  wire      .3  15 

1  S  CB 


1  GI 

...    n 

S 
1  S 


GT 
GI 
GT 
CB 


6 
6 
6 
6 


20 
10 
15 
15 


Battery:  Prest-O-L,  Pre«t^O-Lite.  Wirinar  systém:  GI,  Generátor  and  Ifimi- 
tlon  combined ;  GIM,  Generátor,  Ijniition,  Motor  combined :  5,  Generátor. 
Motor  Ignition  separáte:  GM,  Generátor  and  Motor  combined.  Fuaes:  GT. 
Glass  Tube:  Cart.  Cartridge ;  C.  B.,  Circuit  Brcaker.  Lamps:  *  Dashlisrhta 
In  serieš  with  tailUshta:  heedliffht  containa  aideUgbt;  d.—double  contact/ 
9, — slngle  contact. 
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AUTOMOBILE  ELECTRICAL  SYSTEMS 


Electrical  Equipment 

FoR  iGNmoN,  Generat(«,  Motob, 


LÁMP    CANDLEPOWER.    VOLTAGE    AND 
TYPE   OF   BASE 
HEAD-  SIDE-  TAll^       Jl^St. 

MAKE  and  MODEL  LIGHTS  LIGHTS  WGHJS      LIGHTS 

OP  CAR       ConUct   Volta       CP.    IVoU     CP.      Volts  CP.    VolU  CP, 


Alien  43 ~ Single 

AnuTlran  B...- Single 

Andcrson  All Siiiple 

Apperson  All Inuiblo 

Arponne Sinplf 

Auburn  6-:«) Sintjle 

IWfíffs  10-T  &  10- U.  Sinple 

lUddle  Hl  &  H-'í  Sinple 

Hour-Davls  1»0 Šindle 

Brewster Single 

Hriscoe Single 

Bulck Single 

Cadillno  Vú Single 

Čase  V-20 Single 

Chalmers  X^-C ►'5!"ff!^ 

Champion  KO Single 

Chandler  All *íí"«!^ 

Chevrolet  All ^  "«  ** 

Cleveland  40 íí  "«  *^ 

ColeAll ^  "**'** 

Columbia  All Single 

Coniet  C-G:{ S}"*''!*' 

Crow-Klkert  L-r»r»...  Single 

Cnnningham  V-3....  Single 

Daniels  8-1) Single 

Davis  51 ?»"P'í 

Dixie  Flyer Double 

Dodge  Brothers Single 

Dorris  O-SC Siugl.« 

Dort  15 Single 

dn  Pont  A Single 

K.'ononiy  0-40. Single 

Khar  All Single 

Klgin  K Single 

Essex  A Smgle 

Kenis     •      

Ford  T»     l»(»ul)le 

Franklin  U-B Donble 

(JnrdnerO Single 

(;eronlnio Single 

Grant  H Single 

Hnnson  4r)-A Single 

llarroun —  -  Single 

lIarvard4-20 

Ilatfield  A Single 

llavne.MAU Double 

H.  C.  S.  SiK-rial 

Hollier206-B Single 

Holnies I  )oubIc 

Hudson  Super-Six.  Single 

Huffmnn 

Hup  mobile  II Single 


0-^ 

18 

♦G -8 

o 

6-8 

o 

G   Ä 

*» 

os 

15 

•a -8 

5 

3—1 

o 

3-^ 

«» 

6— « 

21 

6-8   . 

4 

&-H 

4 

6—8 

4 

0  -« 

18 

•ft    8 

4 

dft-8 

o 

d6    8 

«» 

12 

21 

12 

6 

12 

2 

12 

o 

0^-S 

15 

•0    8 

4 

6-8 

o 

e-^ 

o 

0-  -s 

21 

0-8 

4 

3—1 

2 

3-4 

«» 

0-  s 

21 

•e~8 

4 

6-H 

o 

dft^ 

o 

o-s 

15 

6—8 

nm 

6—8 

2 

6-^ 

o 

12 

36 

12 

4 

6—8 

2 

d6-^ 

o 

e-s 

21 

•««>B* 

••••*• 

6—8 

o 

d6^--8 

*» 

6— « 

15 

G-8 

4 

6--8 

2 

6-8 

2 

7 

18 

8 

6 

4 

** 

«» 

3  -1 

«» 

6- -8 

21 

6--S 

4 

ft-8 

o 

(^— 8 

*» 

«• 

&-^ 

15 

•6-^ 

4 

^-8 

2 

6-^ 

a-H 

15 

^^  ^ 

6—8 

2 

6—8 

o 

0-8 

15 

6^ 

4 

^-8 

2 

6-^ 

o 

«• 

e-s 

21 

6—8 

4 

6-^ 

2 

d6^-8 

«» 

0-8 

17 

6-^ 

4 

6-^ 

2 

e  4t 

o 

0-8 

21 

•e— 8 

0 

6—8 

4 

d6-^ 

«• 

0  -8 

15 

•6^-8 

4 

6—8 

o 

d6--8 

o 

0-8 

18 

6—8 

6-^ 

4 

ft-8 

15 

6^ 

4 

6—8 

2 

6- -S 

o 

0--^ 

21 

6-8 

4 

f^-H 

«> 

6-^ 

«• 

(^  8 

21 

6-^ 

4 

6-^ 

2 

ú^    8 

o 

0-    8 

21 

»»*■>■ 

•*•«*• 

e-8 

2 

6—8 

<» 

0    8 

15 

••«**• 

»»•  ■■■ 

d3-4 

2 

d»— 1 

*» 

12-10 

15 

-^« 

•«••«« 

12—16 

2 

12—16 

»  2 

0-8 

21 

0-^ 

4 

e— S 

2 

6— S 

«« 

0    8 

15 

**••♦« 

6-^ 

o 

d6-8 

« 

Ô^S 

21 

6^ 

4 

^-8 

o 

6—8 

o 

0    8 

iíi 

6^ 

*4** 

6^ 

...p 

íl'Ji 

•« 

(V  -S 

17 

••••*• 

•••** 

6-^ 

<V-8 

o 

0    8 

15 

•«■■«• 

— 

3—1 

2 

•3-4 

«1 

0--8 

17 

6^ 

*'*>'* 

6^ 

o 

^^  * 

12-10 

21 

♦12—16 

4 

6—8 

2 

6^ 

<» 

0    8 

15 

_..^ 

6-^ 

2 

6—8 

«» 

0  -8 

21 

*>>>«« 

^-8 

2 

6—8 

•• 

0    s 

15 

6^ 

4 

^-8 

2 

6-^ 

« 

■• 

í^    s 

15 

*••«*• 

«•••*« 

6-8 

2 

6>-« 

•• 

ft   s 

15 

a>*v«* 

^ 

3--4 

2 

d3-4 

«» 

0--8 

3-4 

...... 

3—1 

•3-4 

0-.H 

15 

•4-^ 

4 

6-^ 

6-« 

^ 

0-^ 

15 

•6—8 

12 

d6-^ 

•—8 

2 

0-""8 

15 

"é" 

"f 

äľľj 

■•!T" 

*— * 

"5 

12—16 

30 

••••«• 

e-8 

0—^ 

« 

6-8 

15 

6^ 

4 

5-4 

••— • 

s 

ft-8 

18 

•6^ 

5 

6--6 

~y" 

i=i 

"t 

^ 


TABLES  OF  ELECTRICAL  EQUIPMENT,  1916  TO  1920.  CÁBS      669 

of  1920  Cars 

Battert  and  Fuse  Equipment,  see  pages  554  and  555 


MAKE  and  MODEL 
OF  CAR 


Make 


SPARK  PLUGS 
Diam.  Thread 

Incbes  Pitch 


Alien  43 - 

American  B 

Anderson  A 11 .... 

Apperäun  All 

Argunne  4 

Anburn  6-39 

Beggs  19-T  &  19-B. 

Biddle  B-1  &  B-5 

Bour-DavLs  20. ._ 

BrewBter 

Briscoe  4-34 

Buick 

Cadillar  .'7 

Čase  V-20 

Chalmers  X)-C 

Champion  KO 

Chandler  All 

Chevrolet  All 

Cleveland  40 

ColeAll 

Coliimbla  All 

Comet  C-ri3 ■ 

Crow-Klkhart  L-5r» 

Cunnliigham  V -3 

Daniels  8- 1) 

I»avi8r>l 

Dixie  Flyer —.. 

Dodpe  Brothers 

Porris - 

I»ort 

du  Pont  A —  • 

Eeonomy  6-46.— 

Eloar  All 

Elffin  K —  •• 

Easex  A. 

ťerns- •••••"•••— •••*••"•"•*' 

Ford  T 

Franklin  9-8 

Gardner  G 

Gcronlmo - 

Grant  H 

Hnnson  45-A 

Harroun 

Harvard  4-20. 

Hatfield  A ~ 

Havnes  All — 

H.  C.  S.  Spe<*lal 

Hollier2C6-B 

Holme.s 

Huilson  Super  Six.. 

Hnffman 

Hupinobila  R...« 


Champion  . 
bethlehem  . 
A.  C 

A.  r 

A.  c 

Rnjab 

(Miampion  . 
Splitworf    . 

A.  C 

Ilerz-HuiiK 
Champion  . 

A.  C 

Titan  

A.  C 

A.  C 

Champion  . 
A.  C 

A.  (; 

A.  C 

Iľlinnipiou  . 
<^hanipit>n  . 
Chaminon  . 
Champion  . 

A.  C 

A.  C 

Champion  . 

A.  C 

Opt 

A.  C 

A.  C 


% 
% 
% 
% 

% 
% 
% 

% 
% 
% 
% 
% 

% 
% 


^; 


Champion  

Champion  ''^ 

A.  C 18  m.  ni. 


Champion   Vj 

Opt    % 

Champion   % 

Champion  "^^ 

Champion  "'s 

Champion  % 

% 

% 

% 


A.  (\ 
A.  C. 


A.  C 

Bethlehem 
A.  C 


•*■••«•••«• 


A.  C 


% 


HORN 


18 

Klaxon 

18 

Sparton 

18 

Klaxon 

18 

Sparton 

18 

Klaxon 

18 

E.  A, 

18 

Trojan 

18 

Klaxon 

18 

K.  A. 

18 

Klaxon 

18 

Sparton 

18 

Stewart 

18 

Delľo 

18 

Klaxon 

18 

Sohwarze 

18 

(Jarford 

18 

Klaxon 

18 

Klaxon 

18 

Trojan 

18 

Sparton 

18 

Schwarze 

18 

Klaxon 

18 

E.  A.  Lab, 

18 

Sparton 

18 

Klaxon 

18 

Klaxon 

18 

Garford 

18 

Klaxon 

18 

Klaxon 

18 

Schwarze 

18 

Klaxon 

18 

i"  A.Lľ* 

18 

l.A.  L. 

1.5  m.  m. 

Sparton 

pipe 

Own 

18 

Klaxon 

18 

Trojan 

18 

Trojan 

18 

Trojan 

18 

Sť'hwarze 

Schwarze 

18 

IS 

Kr<'o 

18 

Klaxon 

18 

Sparton 

18 

Klaxon 

18 

Sparton 

18 


Trojaa 


670 


AUTOMOBILE  EIíECTRICAL  SYSTEMS 


Electrical  Equipment 

FoR  iGNinoN,  Generátor,  Motor, 


LAMP    CANDLEPOWER.    VOLTAGE    AtíD 
TYPE   OF   BASE 
HEAD-  SIDE-  TAIL-        DASH- 

MAKE  and  MODEL  LIGHTS  LIGHTS  UGHTS      UGHTS 

OF  CAR       Contact    Volta       CP.     IVots     CP.       Volta  CP.    Volu  CP. 


Jackson6-38 Single  6—8 

JonesAll Double  (í— 8 

Jordán  F Slngle  6- -8 

Jordán  M Slngle  6--8 

KlnffS Single  6—8 

KiS8el Double  6-^ 

Kline  6-rK'). J Slngle  6—8 

LaFayette —  6 — 8 

Leách —. 

LexiBgton  S-20 Slngle  6—8 

Liberty  10-C Slngle  6-^ 

Locomobile  48-6-7..  Slngle  6—8 

Lorraine Single  6—8 

MaibohmB Slngle  6- -S 

Marmon»4 Slngle  6—8 

Maxwell  25 Double  12—16 

McFarlanl27 Slngle  6—8 

MercerSer.  5 Slngle  6^ 

Meteor  K  K Slngle  6-8 

Metz,  Master  Six..  .  Slngle  6—8 

Mitchell  F-40 Slngle  6  -S 

Monitor 

MonroeS-9 Double  6—8 

Moon6-48 Slngle  6-  8 

Moon  6-68 6-  8 

Moore  F Slngle  6-8 

Nash Slngle  6— « 

National  Serieš  BB  6-^S 

Nelson  D _ Double  12-16 

Nomal-B Slngle  6-^ 

Oakland34-B Slngle  6—8 

Ogren  6-60 Slngle  6 

01dsmoblle37-A Single  6- -8 

01d8moblle4rj-B Slngle  6-  8 

Oljrmplan  4r> 

Overlaud4 Slngle  6-8 

Pa<kard3-35 Slngle  6—8 

PalgeAll Slngle  6—8 

Pan-Anierloan  All.  Slngle  6-8 

Pater8on6-47 Slngle  6—8 

Peerless  Ser.  6 Single  6- -8 

Pieílmont  4-30... Single  6-^ 

Pledmont  6-44) Single  6-8 

Plerce- Arrow  38&4'  Single  6-  8 

Pilot  6-45 Slngle  6-  8 

Porter46  Slngle  12—16 

Premiére Double  6—8 

ReoT&r Double  e~H 

ReoT6&U6 Slngle  6-8 

Rerere Slngle  6—^ 

Roamer  6-54.... Single  6 — 8 

BftYKalfhtJ*]  Single 


15 
15 
18 
18 
15 
18 
15 
21 


21 

6—8 

4 

6—8 

"ô"* 

d6-« 

4 

15 

•6 -4í 

4 

6-^ 

2 

d6-8 

o 

21 

fr-8 

6 

6-^S 

4 

6- -H 

2 

17 

6—8 

o 

6^    8 

20 

6^^ 

4 

6—8 

2 

6— xS 

•> 

30 

•<l--8 

9 

6-^8 

o 

6^^ 

o 

•• 

15 

•12-16 

4 

12-  16 

o 

12—16 

•» 

21 

•6-  8 

12 

6^  ^S 

2 

d6-8 

o 

*• 

21 

6-  8 

5 

6—8 

5 

6— H 

4 

•  -  •  • 

6-  H 

6-8 

_ 

6—8 

.... 

16 

6-^ 

4 

6....8 

Ž 

6-   8 

«» 

15 

s6 -8 

•> 

^_>l 

o 

•  - 

16 
20 
2© 
20 
16 
20 
15 

*Í5 
32 
15 
15 

16 
33 
17 
32 
15 
15 
12 
12 
20 
15 
20 
21 
15 
15 
20 
16 
15 


6—8  4  3—4 

♦6^-8  4  a6-  8 

•fr  -8  4  6-.S 

6^^  4  ň_.s 

♦6-^S         4  6-8 

d6-  8 

6-  8 

6-S        6  3-  I 

6^8 
6-^ 
6-^S 
6—8 
6—8 
6-^8 
12-  H 
6^  ^S 
6—8 
6-8 
6....8 
56-8 

6^ 

-  6—8 

6—8 

6-  S      6-« 

♦e-  S        4  6—8 

•6-8        4  6—8 

12-16      4  12- 16 

6—8 

6    8 

6        6 

6- -8         4  fr-^8 

•6—8        4  6—8 

'.'..Z      ...z      3-4 

♦6-8        4        6—8 

6—8        4  6-^ 

6—8 

6^      T*  6- -8 

6—8      6—8 

6 

6 

6-  8 

6—8 

12—16      4  12—16 
•6—8        4  6—8 
3-4 

•6^      "s*      6-« 
•6-8        2 

i 


2 
•■» 

3 
3 
2 
o 
•> 

4 


2 
o 

o 

2 

o 

2 

o 


4 
o 


o 

2 
o 

2 

o 
«> 
2 

ti 
o 

4 

«» 

2 
4 
S 
S 


o      ^  ^ 

„«_S  2 

6-8  3 

6-  s  .1 

6-  .S  2 

d6-  S  2 

d6— .S  2 

3-4  2 


6—8    2 

d6-^    2 
d«-8    2 

d6-^8  "Ú 

6-8     2 

12-16  2 

d6-^  .. 

6— s    2 

6        4 

ft-«    2 

6- s    2 

•3  -4     2 

6  -K     2 

d<W  >»»    2 

♦3    4     4 

«— K     2 

6^-8    4 

6        2 

6        2 

e   R    5 

6    s    2 

12-16  2 

d«^-^    2 

•»— •    2 

S 

4 


t4    S  Stí  2 


k 


TABLES  OF  ELECTRICAL  EQUIPMENT,  1916  TO  1920  CAKS      571 

of  1920  Cars-Continued 

Battert  and  Fuse  EguiPMENT  see  pages  554  and  555 


MAKE  and  MODEL 
OF  CAR 


Make 


SPARK  PLUGS 
Diam.  Thread 

Inches  Pitch 


HORN 


Jaokson  6-38 

Junes 

Jordán  F 

Jordán  M _ 

KinK  a 

KIssel 

Kline6-,-r>-J 

Lafayette 

Leách 

Lexinfrton  S-'JC 

Liberty  IC-C 

Locomobile  48-6-7 

Lorraine 

Maibohm  B 

Marmon  34 

Maxwell  2." 

MoFarlan  127 

Mereer  Ser.  5.— - 

Meteor  K  U 

Metr.,  Master  Slx 

Mltrhell  F-40 

Monitor... 

Monroe  SO 

Moon  6-48 

Moon  6-68. 

Moore  F 

Nash 

National  Serieš  BB 

Nelson  1  > 

Nonia  1-B 

Oalcland34-B 

Ofn-en  6-6C _ 

Oldsmobile  37-A 

()ldsmobile4<:-B 

Olynipian  4r) 

Overland  4 

Packard  3-35 

PaiífeAll 

Pan-Anieri<jin  All 

Paterson  6-47 

Peerless  Ser.  rt 

Piedmoiit  4-30 

Piedmont6-40 

Pierce- Arrow  3S  &  40. 

Pilot  6-45 

Porter46.... 

Premiér  6 _ 

ReoT&U 

Reo  T6  &  1*6. 

Revere 

Roamer  6-54. — 

R  &  V  Knlght  J  &  U-- 


Champion  % 

Champion  % 

A     C  % 

A.  C % 

(^hampion  % 

A.  C % 

Champion  % 

- % 

Bethíehem  ......  % 

A.  C % 

Titan    % 

A.  C % 

Champion  % 

A.  C % 

Champion  % 

A.  C % 

Champion  % 

Champion  ''^ 

A.  C % 

Champion  % 

Champion  % 

Champion  % 

Champion  % 

Champion  % 

A.  C % 

A.  C % 

Champion  % 

Aľcľ"ľ""'ľ'''Z^  % 

Champion  % 

A.  C % 

A.  C % 

Champion 

Champion  H 

A.  C % 

A.  C % 

Champion  % 

^»«      x.   •     ...-- .... 

^\«       K^  m       - ••«• 

Champion  % 

Champion  *h 

A.  C % 

A.  C % 

Champion  

A.  C % 

A.  C Tý 

A.  C ^4 

Kajah  \ 

A    C  T4 

A    C  T4 


18 

Stewart 

18 

Newtone 

18 

Spartou 

18 

Sparton 

18 

Sparton 

18 

Sparton 

18 

Kiaxan 

18 

Klaxon 

18 

K.  A.  L. 

18 

ľnited 

18 

Klaxon 

18 

Schwarze 

18 

Schwarze 

18 

Sparton 

18 

Schwarze 

18 

Klaxon 

18 

Sparton 

18 

Trojan 

18 

Sparton 

18 

Klaxon 

18 

Trojan 

18 

Klaxon 

18 

Klaxon 

18 

(Jarford 

18 

Trojan 

18 

Sparton 

18 

Schwarze 

18 

Schwarze 

18 

Klaxon 

18 

Klaxon 

18 

Klaxon 

E.  A.  Lab, 

A.  L. 

18 

Sparton 

18 

Trojan 

18 

E.  A.  Lab. 

18 

E.  A.  Lab. 

18 

Sparton 

18 

Klaxon 

18 

Klaxon 

18 

Klaxon 

18 

Schwarze 

18 

Stewart 

IS 

Klaxon 

18 

Trojan 

Klaxon 

18 

Klaxon 

18 

Sparton 

18 

Klaxon 

572 


AUTOMOBILE  ELECTRICAL  SYSTEMS 


Electrical  Equipment 

FOR  iGNmON,  GENI3UT0B,  MOTOB, 


LÁMP    CANDLEPOWER,    VOLTAGE    AND 
TYPE   OF   BASE 
HEAD-  SIDE-  TAIL-        DASH- 

MAKE  and  MODEL  LIGHTS  LIGHTS  UGHTS      UGHTS 

OF  CAR       Contact    Volts       CP.    IVots     CP.      Volts  CP.    Volta  CP. 


Saxon  12.' Šindle  €>  -S 

Sayers  C.  1* SIiirIo  6-^ 

Soripps-Booth  B Siiiíflo  6- -S 

Senera  H-lí Siii^lo  6-  S 

Sinper  2C Jiiiigle  6-  H 

Skelton  ;íô 6 

Spack€^  S-20 

StanaanlS  I „  Double  <>->S 

Stanley  730 Double  O— « 

Stearns  SKL-4 iíhiífle  12—16 

Stephens  SO Single  6— « 

Ste  vens- 1)11  rjea 

Studebaker  All Single  6  -S 

StutzH Doiible  6  -S 

Templar44,' Single  6   >J 

Tiilsa  K-1.2.  3 Siiijíle  (>    S 

Velie4S Single  6-  H 

WestoottC.'JSJK'ľSinírle  G    S 

Willys-Kniírht  20.  Single  fr    s 

Winton  Six  21 Slngle  O-  S 

Winton  Six  2,'. Single  (J— 8 

Winther  61 Single  6 

Abbremations  :  *  Starli ns  and  Li^htingr  in  eloaed  models  only.  Jgrď 
tion:  At'K,  Atwater-Kent :  Conn.,  Conne«ticut :  Weat,  Weatinglioaae :  Amšo^ 
Automatic ;  //.  &  A,  Hand  and  Automatic  :  ^.  A.,  Semi-Automatic,  Gener- 
átor: 4-Ĺ.  Auto-Lite:  C  &  D,  Gray  &  Davis :  LeeerS,  Leece-Neville ;  Warď 
L.,  Ward-IxH)nard :  A'.  K.,  North  East :  Split,  Splitdorf.  Motor:  A-L,  Auto> 
Lite.  G  A  D,  Gray  A  Davis:  Lt^c^N,   Leece-Neville :    Weat,  We^nghaoam, 


15 

6    8 

o 

a  s 

0 

15 

•«•••« 

•••••• 

(V-8 

2 

d(^-8 

2 

13 

^8 

•» 

6    x 

•» 

15 

6^^ 

2 

e-  8 

o 

d6^-8 

2 

15 

4 

(^-8 

o 

d^-« 

2 

18 

6 

2 

6 

2 

21 

6^ 

i" 

i*^ 

..„.. 

S^ 

*2 

21 

6-  8 

4 

e-« 

2 

6-^ 

»» 

21 

♦12-16 

4 

12     16 

o 

12—16  2 

15 

6-8 

o 

6-^ 

2 

6~« 

2 

12 

<t"8 

"2** 

iPÁ 

2 

15 

♦6^  S 

4 

6-  8 

0 

ft-^ 

2 

21 

•6^  -S 

4 

e- 8 

2 

e-8 

2 

21 

6    8 

o 

6--^ 

2 

d6— 8 

2 

15 

6    8 

4 

6^-8 

4 

d6-« 

4 

IS 

♦6-8 

4 

3  -1 

0 

d3-4 

0 

30 

6 

6 

3  -A 

0 

3^-4 

2 

17 

6-  8 

1 

e -8 

■> 

•• 

6-« 

2 

17 

6-8 

7 

6-^ 

2 

6-^ 

2 

18 

6 

4 

« 

2 

TABLP:S  OF  KLECTRICAL  EQUIPMENT,  1916  TO  1920  CAES      573 

of  1920  Cars—Concluded 

Battery  AM)  FusE  Equipment,  see  pages  554  and  555 


MAKE  and  MODEL 
OF  CAR 


Make 


SPARK  PLUGS 
Diam.  Thread 

Inches  Piteh 


HORN 


% 


% 

% 
% 


Saxon  V2r> A.  C _ % 

Sayers  C.  V Champion  % 

Scripps-Booth  B A.  C % 

Šenec'a  H-2 -A.  C - 

Singer2C A.  C 

SkeltoD  3í) -..Bethlehera    .... 

Spacke  S-20 

Standard  SI A.  C 

Stanley  Tíiô - 

Stearns  SKL-4 A.  C 

Stí^phens  80 Champion  

Stevens-I»uryea 

StudebakerAH (*hnnipion   i/4 

StutzH A.  C 

Templar44r' Champion  % 

TuUa  E-1,  2.  3 Champion  % 

Velie48 Champion  % 

WestcottC-38&(M8.  -A.  C % 

WillyR-KnlKht20 Champion  

Wiuton  Six  24 .Champion  •   % 

Wlnton  Six  25 Champion  % 

Wlnther  6K A.  C % 

Battery:  Pratt-O-L,  Prest^O-Lite.  Wirinflr  systém:  Gl,  Generátor  and  Iírnf- 
tion  combined :  GIM,  Generátor.  iKnition,  Motor  combined ;  S,  Generátor, 
Motor  Iimition  separáte :  GM,  Generátor  and  Motor  combined.  Fuses :  GT, 
Glaas  Tube:  Cart*  CartridRe ;  C.  B^  Circuit  Breaker.  Lampa:  •  Dashll?hta 
in  seriea  with  taillighta:  headliffht  contains  sidelifht;  d. — double  contact : 
a. — sinffle  contact. 


18 

Trojan 

18 

Stewart 

18 

Opt 

18 

FitzKerald 

18 

Klaxon 

18 

E.  A.  Lab. 

18 

Klaxon 

■  *«a 

Klaxon 

18 

U.  &  A.  X^ab 

18 

Trojan 

m-  •■ 

S  par  ton 

•  ■•• 

Klaxon 

■»•• 

Klaxon 

18 

Trojan 

18 

Sparton 

18 

Klaxon 

.... 

Sparton 

18 

American 

18 

Electric 

18 

Klaxon 

INDEX 


Adjusting  Gray  and  Davis  cutout 

and  regulátor 45 
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The  Automobile 
Repairman's  Helper 

A  N  encyclopedia  on  auto  repairing  that  is 
different  from  any  text  book  or  reference 
work  published  on  the  subject.  It  tells  in 
concise  form  and  in  one,  two,  three  order  how 
to  handle,  every  operation  required  to  adjust  or 
repair  the  troubles  Hkely  to  be  found  in  all  štan- 
dard cars  and  trucks. 

For  example,  the  reader  is  told  in  one  article 
giving  explicit  instructions  for  the  adjustment  of 
a  certain  rear  axle,  that  a  grinding  noise  may  be 
cáused  by  a  looseness  between  the  gears,  or  by 
wom  teeth;  or  that  a  peculiar  clicking  when  let- 
ting  in  the  clutch  or  when  changing  gears,  is  due 
to  slick  in  the  driving  systém;  or  that  an  inter- 
mittent  catch  or  one  that  occurs  with  every  rev- 
olution  of  the  wheel,  may  be  caused  by  broken 
teeth,  in  which  čase  tearing  down  the  complete 
axle  is  necessary. 

Straight  through  the  instructions  for  complet- 
ing  this  job ;  the  various  steps  are  given  in  their 
proper  sequence.  Each  important  step  in  the 
method  is  illustrated  either  with  photographs  or 
clean-cut  pen  and  ink  diagrams,  which  were  made 
while  the  job  was  actually  being  done  in.some 
repair  shop. 
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